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PREFACE. 



Two years nearly have elapsed since the first portion 
of this work was communicated to the Edinburgh 
Monthly Journal of^fedical Science for November 1853^ 
with the title, *' On the prevalence of Chromato-pseu- 
dopsisj or Colour- Blindness." The subject was one but 
remotely connected with my customary studieSj and I 
did not originally intend to do more than write two 
or three papers upon it. As examples of Colour- 
Blindness, however, multiplied on my hands, and the 
theoretical and practical importance of many of the 
questions connected with its occurrence became more 
apparent, I was led to study it more deeply, and to 
write upon it at greater length. The results of this 
study are contained in greater part in this volume, 
which is to be regarded, however, only as a very im- 
perfect contribution to the history of a remarkable 
and by no means rare peculiarity of vision. It re- 
quires for its full elucidation a profounder acquaint- 
ance with Optics, Anatomy, and Physiology, than I 
dare pretend to; and what I could do towards its in- 
vestigation could not be done continuously, but only 
at irregular and often far-separated intervals, in such 
periods as could be saved from the time imperatively 
demanded by professional duties. 

With all its imperfections, this work will, I trust, 
create or deepen the conviction, that the study of 
Colour- Blindness will throw light upon intricate de- 
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partments of Scientific Optics, Anatomy, and Physio- 
logy ; and that already it has an important practical 
bearing on those -Esthetic Arts which express Beauty 
by Colour ; and on those Economic Arts, such as Map- 
ping, but especially Signalling, which employ Colour 
graphically. 

The work is constituted as follows : — From page 5 to 
126, it is simply a reprint from the Edinburgh Monthly 
Journal of Medical Science of the papers which appeared 
in ten numbers of that periodical, under the general 
title " On the prevalence of Chromato-pseudopsis, or 
Colour-Blindness." With the exception of a very few 
insignificant verbal corrections, those pages (which 
indeed are printed from the types as they were set up 
for the Journal) have not been altered except in the 
numbers marking the paging. The pages of the re- 
print correspond to those of the Edinburgh Monthly 
Medical Journal as follows : — 

Reprint. Journali 

1 to 24 377 to 396, Navember 1853. 

26-40 491 - 507, December — 

40-48 37 - 44, January 1854. 

48 - 62 309 - 323, April — 

62 - 67 411 - 416, May — 

68-77 1 - 10, July -^ 

77-87 97 - 107, August — 

88 - 101 226 - 240, September — 

101 - 111 393 - 403, November — 

111 - 125 490 - 504, December — 

As the Medical Journal was not open to the discus- 
sion of questions in Speculative Optics, or of such 
practical relations of Colour-Blindness as are only re- 
motely related to Medicine, those subjects are but 
slightly referred to in the reprint. I have accordingly 
added to it a Supplement and Appendix, in which 
certain of these are considered. The most important 
practical relation of Colour-Blindness is that which it 
has to Railway and Ship Signals. To this the Sup- 
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plement (pages 127-152) is demoted- It is a reprint 
from the Transactions for 1854-1855 of the Motfal Scot- 
tish Society of Arts ^ to which it was read last Jamiary ; 
and as it was intended to contain a snfficiently ftiU 
discussion of Colour-Blindness to enable practical 
men J without consulting other works on the subject, 
to understand its! relations to our systems of Signals, 
it goes in some degree over the same ground as that 
traversed by the text of this work. This it does, how- 
ever, to but a email extent, and it is chiefly occupied 
with new matter. I owe it to the Scottish Society of 
Arts to state here, that it has not only permitted me 
to use this reprint, and has circuhited it at its own ex- 
pense among th^ Railway Companies, but, whilst pro- 
secuting these researches, it has unsolicitedly placed 
at my disposal a grant of money to be expended on 
the inquiry. The whole of this work in truth j and not 
merely the Supplement, is largely due to the encou- 
ragement afforded by the Society of Arts, to which 
the greater pai^t of its contents was orally commu- 
nicated before publication. 

The Supplement is followed by a valuable paper 
^' On the Theory of Colours in relation to Colour- Blind- 
ness," communicated at my request by Mr James Clerk 
Maxw^ell, to which I need not aUude further here, as 
repeated reference will be found to it in the Supple- 
ment and Appendix, 

In the Appendix I have endeavoured to compensate 
in some degi^ec for the imperfections inseparable fit^om 
a work, the lii-st part of which was printed some twen- 
ty-two months before the last was written. My views 
on Colour-Blindness have been greatly enlarged, and 
in some respects altered, during that interval; and 
were the whole work now to be re-written, I should 
make considerable changes upon it> But as that can- 
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not be in the meanwhile^ I have indicated, in the Notes 
constituting the Appendix, what the topics are on 
which the earher statements in the vokime most de- 
mand qualification ; and as these are specially con- 
nected by the references in the table of contents^ with 
the pages of the text to which they refer, it will not 
be difficult for the reader to consider them together. 

I will also mention that the inquiiy into the " Re- 
lation of the Colour of the Choroid to Colour- Vision," 
which occupies pages 88—104 of this volume, and par- 
takes in great part of the character of an Excursus or 
Episode, is treated in several respects more fully in a 
paper read to the Royal Society of Edinburgh last 
April, and entitled *' On the Extent to which the Re- 
ceived Theory of Vision requires us to regard the Bye 
as a Camera Obscura.'' It is printed in Trans. R, 8. £-y 
Vol. xxi., Part U,, p. 327. 

I have many parties to thank for assistance in pro- 
secuting these researches. Professor Kelland most 
kindly aided me in the strictly optical portions of my 
inquiry, Mr William Swan rendered me a similar eer- 
vice, and so did Dr Thomas Wright ; and latterly I 
profited largely^ as the Supplement and Appendix will 
sufficiently show, by the interchange of opinions with 
Mr James Clerk Maxwell. 

For the knowledge of accessible cases of Colour- 
Blindness I am indebted to Mr Walker, Dr John 
Struthers, Dr James Sidey, Dr David Skae, Dr Stark, 
Dr HaUiday Dotiglas, Professor John Hughes Bennett, 
and several other medical men in Edinburgh ; and the 
Editor of the Athenaeum did me a signal service by 
publishing a request for undescribed cases, which led 
to many being communicated to me from a distance. 
To Mr Walker and Dr Struthers I am also indebted, 
as well as to Dr Sanders, Dr Cobboldj and Professor 
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Goodsii', for information and guidance on questions 
connected with the anatomy and physiology of the eye, 
I am under similar obligations to Mr White Cooper of 
London, and to none more than to Dr W. Mackenzie 
of Glasgow. In connection mth this experienced ocu- 
list's name, I take the opportunity of noticing that a 
statement of the extreme rarity with which the sub- 
jects of Colour-Blindness apply for advice to eye-sur- 
geons regarding it, is greatly lessened in force by a mis- 
print (p. 79) of 4000 for 40,000, Among forty thousand 
cases of eye-disease treated by him in thirty years, Dr 
Mackenzie recalls only two of Colour-Blindness. 

In the tedious labour of collecting the statistics of 
Colour- Blmdness, I received the most willing and effi- 
cient aid from my former colleague in the Edinburgh 
Veterinary College, Mr Finlay Dun ; and our labour 
was greatly lessened by the courtesy of the officers in 
command of the 4th Infantry, the 7th Hussars, and the 
Artillery in Leith Fort, at the period when the vision 
of these soldiers was tested by us. 

For a knowledge of the methods of signalling at 
present in use on railways, I am chiefly indebted to 
the good services of Mr Henry Lees,the experienced Se- 
cretary of the Edinburgh, Perthj and Dundee RaUway. 
I received valuable information also from Graham 
Hutchison, Esq., one of the Directors of the Great 
Northern Railway ; and I owe it to the various rail- 
way officers I have consulted to state that I have uni- 
formly found them most willing to give me informa- 
tion, and to assist my inquiries. 

I cannot, as they prefer to remain anonymous, thank 
by name the large number of Colour- Blind persons who 
communicated their cases to me, and permitted me to 
publish them. I have already expressed in private, 
to the majority of these parties, my obligation to them ; 
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and I now repeat that acknowledgment publicly, in- 
cluding in its objects those whom I have not been able 
otherwise to thank* 

To one clasi^ of my unnamed correspondents I hare 
a special reference to make. I have alludedj at page 
35, to the circumstance, that a considerable number | 
of the cases of Colour- Blindness which I have recorded, 
occun-ed among members of the Society of Friends, 
and have implied an intention of attempting to show 
that this was probably not accidental. This intention 
I have not fulfilled in the sequel, in consequence of ] 
the statements made to me on the subject conflicting 
greatly with each other. I thought it not unlikely 
that the systematic avoidance of gay colours in dress, ■ 
furniture, and the like, which from laudably conscien- 
tious motives is practised by Friends, would develop 
and render hereditary in their families an indiffererLce 
to colour, which in the later generations might appear 
as true Colour-Blindness. On asking, however, the 
opinion of a few members of the Society of Friends on 
this hypothesis, they have replied that none were 
fonder of gardens than they, or delighted more in the 
hues of flowers, or in the colours of Nature in general ; 
and in a word, that they were not as a body indiffer- 
ent to colour. 

This reply carries much weight with it, and the 
known success of members of the Society in ques* 
tion as manufacturers of dyed goods, and their practi- 
cal skill as judges of colours, certainly show that 
Friends may be as free from Colour-Blindness as 
others. In further proof of the same fact (if it needed j 
further proof), the painter Benjamin Westj and the] 
engraver William Miller, might be referred to as ar- 
tists whose nice appreciation of colour is familiar to I 
lovers of the fine arts ; whHst, if Dalton be a striking J 
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example of a Quaker philosopher who mistook colourSj 
Thomas Young is a not less striking example of a Quaker 
philosopher who excelled in distinguishing them, and 
has largely contributed to our knowledge of the Theo- 
ry of Colour, 

Notwithstanding all this, however, the effect upon 
the gi'eat majority of Friends, of being mirrounded 
from early infancy by neutralj subdued^ or sombre 
tints, cannot be favourable to the development of an 
acute sense of colour, especially in the case of thoae of 
them (including most, probably, of the male sex) whose 
professions do not lead them to be conversant with 
colours, and who do notj by the cultivation of flowers 
or otherwise, make amends to themselves for the sys- 
tematic repression of the natural rehsh for brilliant 
and diversified colours which they practise. Such is 
probably the case with the majority of the leas ac- 
complished male Friends in the larger cities ; and the 
century and a half or two centuries which have elapsed 
since the forefathers of the present generation of 
Quakers adopted Quakerism, is sufficient to have per- 
manently affected the Colour-Vision of not a few of 
their existing representatives. 

This conclusion is in harmony with the considerable 
number of cases of Colour- Blindness which have oc- 
curred among Friends ; yet the cases are too few to 
make it safe to generalize from them. I am content^ 
therefore, for the present to di*aw attention to what 
may be only a coincidence, in the hope that such intel- 
ligent Friends as may read this statement will inquire 
into the matter, and acquaint me with the result. 



Elm Cottage, Edinburgh, 
1st SepHi/nb€r 1855, 
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-ON THE PRKYALENCE OF CHROMATO-PSEUDOPSIS 
■^ OR COLOUR-BLINDNESS. 

The co-esi8tcnc!e of perfect vision in other respects with an inability, 
more or less complete, to di*itinguisli <:olours from each other, has 
witliiri the last few yeiirs attracted considerable attention. Some 
veiy distinguished men^ such as DugahJ Stewart, M» Siainondij and 
John Dalton, have been the subjects of this peculiarity of sight j and 
the last named^ bj reporting bis own case, has earned at tlie hands 
of the Continental philosophers the unwelcome distinction of giving 
his name to the peculiarity in question. It has been called Dalton- 
isiny and its subjects Daltonians, The counttymen of Dalton have 
protested against tbe iinmortalising of Ins name, in connection with a 
personal defect ; and the chemists of all countries mi|T|it claim that 
the term Daltoinan is needed by them to distinguish those who 
idopt the famous opinions of Dahoiij concerning the atomic cojisti- 
ution of matter. Other terms, accordingly, have been devised for 
:his affection of vision, chiefly of Greek origin, such as chromafO' 

{}setkhp8Uy dyschromatopsUy dyBchrostSy parachromatism^ nud the 
ike ; none of which are very enpliontous, whilst most of them ai-e 
far from explicit- The term chromato-pfftmidopniiy i.e., false insion of 
'^olourx, has, upon the whole, been preteired by scientific men, and 
it \*QTy fkirly represents the general character of the affection under 
notice^ which more frequently shows itself as an abnormal perception 
of coloursj than as a total inabiUty to discern them. Yet there are 
cases on record (and 1 shall have to rc])ort one myself, occurring, 
too, in the jierson of a house-painter) where the perception of black 
and whitCj i,^*, of degrees of illumination^ was all tliat existed to re- 
present the sense of colour, so that such a person might he justly 
said to be l^iind to colours. And in all the subjects of chromato- 
pseudopsis, there exists either inability to discern a single colonr, 
tch as retli or inability to discerri tlie difference between two 
Joursj such as green and red ; so that they may be said, with suf- 
icient propriety, to be blind to red, or blind to the difference between 
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green and red, i.e., more explicitly, blind to one of two colours pre- 
sented simultaneously to the eye. It seems, therefore, that the tenn 
Colour-Blindness, introduce^l by Sir David Brewster, may be fully 
justified as a scientific tenn ; and even if it were less defensible than 
it is, its employment would be warranted by the necessity which 
exists fir some expressive English name for an altection of vision 
which, from the evils entailed by it on its subjects and their neigh- 
bours, is an object of importance to the entire community. The 
EngUsh word, moreover, has the advantage m'er the Greek of per- 
mitting an adjective and noun to be readily formed from it, so that 
we can s|>eak of those to whom it refers as colour-blind persons, or 
as the colour-blind ; whereas the awkwardness of naming such 
parties chromato-pseudopU or idiopts, has been felt by all, and has 
doubtless been one of the chief causes why so objectionable a phrase 
as Daltonian has not long ago been discarded.^ 

The authors on colour-blindness have, many of them, been as 
famous as its subjects ; but into the literature of the question it is 
not my intention to enter, as this has been ably and amply discussed 
by Professor Wartmann of Lausanne, A translation of his paper 
appeared in "Taylor's Scientific Memoirs" for 1846, accompanied 
by notes by the English editor. To this paper, and the works 
which are quoted in it, I refer those who wish to learn the present 
state of our knowledge concerning colour-blindness. 

The object of the present communication is chiefly practical, and 
is mainly to direct the attention of the community, and especially of 
medical men, to the nature and prevalence of the afiection under 
notice. In spite of the papers which have been published on the 
subject, the extent to ^^hicn colour-blindness prevails has been so 
little credited, that more than one eye-snrgeon of experience has 
never examined a case of it ; yet, as will appear, cases abound in 
all ranks and professions throughout the country. 

My own special attention was directed to the subject, from thcl 
blunders which I found my chemical pupils make, in reference to 
the colours of compounds. After making every allowance for im* 
perfect exposition on my part, and insufficient attention on the part 
oP my students, and after also making a large deduction from in- 
accurate answers, on the score of imperfect remembrance, and 
inability to name colours, I still found, both in the laboratory 

• * The word Daltonian appears to have been in use for fifty years in the 
Academy of Geneva, and to have been first employed in print in 1827, by 
Pierre Pievost {Taylor's Scientific Memoirs, 1846, p, 168). It was thus iutro? 
duced into use during the lifetime of Dalton, whose case was published by 
himself in 1794 {Mem, Lit. and Phil. Soc. Manchester, Vol. V.). Whether he 
was aware of the use made of his name, I do not know, but he certainly would 
have acquitted the Genevese philosopher of any intention to mock him, by 
calling those who had the same peculiarity of vision as he possessed, Daltonians; 
In truth, Dalton seemed rather pleased than annoyed by his colour-blindness. 
And enjoyed the amusement which his mistakes regarding colours occasioned 
io others. 
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and lecture-room, that many a pupil was puzzled to describe 
the changes which occur wnen an acid or an alkali acts upon 
a vegetable colouring matter, although to a normal eye. these 
changes are of tlie most marked character; and that in general 
I could count with little confidence upon accurate answers to 
questions regarding the colours of bodies. At intervals- since 
studying Dalton's account of his colour-blindness, some years ago, 
the suspicion crossed my mind that some of my pupils must be 
colour-blind; but I set the notion aside as extravagant, till last 
winter, when the perplexities which an intelligent laboratory pupil 
constantly betrayed in deciding on the colours of precipitates, led me 
to investigate his case, and he soon proved to be a well-marked case of 
colour-blindness, as, indeed, he had not long before discovered for 
himself. Another well-marked case showed itself in the person of 
a middle-aged gentleman attending my lectures, who had become 
aware of his peculiarity of vision in boyhood. I had thus an oppor- 
tunity, during several consecutive months, of examining two cha- 
racteristic examples of colour-blindness, and as the subjects of it 
were educated intelligent men, who afforded me every facility for 
testing their sense of colour, I soon learned what were the points of 
most importance in examining such cases. I have since had the op- 
portunity of examining many additional examples, which 1 shall report 
m full in the sequel ; but I wish first to mention, that struck by the 
danger which attends the use of coloured signals on railways, if any 
of tne signal-men are colour-blind, and satisfied from the published 
statistics of colour-blindness, that it must present itself in the army 
of railway servants spread over Europe and America, I brought 
this aspect of the subject before the Royal Scottish Society of Arts, 
and afterwards published a letter on it, in the Athenaeum for April 
last. This letter contained a request for information regarding 
unpublished cases, which led to my receiving a number of interest- 
ing communications, the more important of which are embodied in 
what follows. 

I bring the entire subject before my medical brethren, engaged in 
actual practice, as they have better opportunities than most other 
classes of the community, for ascertaining the extent to which colour- 
blindness prevails ; an important point, on which our present infor- 
mation is exceedingly defective. It \vill presently ap])ear, also, that 
apart from its interest in a scientific point of view to the physiolo- 
gist and pathologist, there is no profession concerned with colour as 
a property of bodies, which has not an interest in lessening the 
severity and diminishing the frequency of colour-blindness. 

I shall consider the subject under the following divisions : — 

- I. Nature of Chromato-Pseudopsis or Colour-Blindness. 
n. Cases illustrative of the Degrees and Varieties of Colour- 
Blindness. 
in. General Conclusions conceining the Colours perceived with 
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most difficulty, or most liable to be confounded with each 

other by the Colour-Blind. 
rV. Extent to which Colour-Blindness prevails in Males and 

Females. 
V. Theories of Colour-Blindness. 
VI. Advantages and Disadvantages of Colour-Blindness ; its 

Prevention and Cure. 

I. — Nature of Chromato^Pseudopsis or Colour-Blindness. 

Writing chiefly with a practical end in view, 1 shall be content to 
consider colour-blindness as it shows itself in eyes otherwise normal, 
as of three kinds. 

1 . Inability to discern any colour, properly so called, so that 
black and white, i.e., light ana shade, are the only variations of tint 
perceived. 

2. Inability to discriminate between the nicer shades of the more 
composite colours, such as browns, greys, and neutral tints. 

3. Inability to distinguish between the primary colours, red, blue, 
and yellow, or between these and the secondary and tertiary colours, 
such as green, purple, orange, and brown. 

It is to this last variety of colour-blindness that I shall chiefly 
refer ; but a little must first be said concerning the other two kinds. 
It will be convenient also, in considering the first and rarest form of 
colour-blindness, to refer to certain difficulties which attend the 
examination of all cases of this affection of vision. These difficulties 
can best be referred to, as they present themselves in those in whom 
theperception of colour is at zero. 

Total colour-blindness is very rare, but several well-marked cases 
of it are on record,^ and it is remarkable that insensibility to coloiira 
is not only compatible with distinct vision in other respects, but 
appears frequently to be attended by a perception of objects very 
faintly illuminated, such as those sensible to colours do not possess. 
Perhaps, however, this is only what we should expect ; for a retina 
unfatigued by the impression of colour, will preserve a sensitiveness 
to faint light such as an ordinary eye, exhausted by the reception of 
tints of all kinds, cannot retain. In writing this, I do not wish to 
assert that perfect achromatism has certainly been found in any 
human organ of vision. None of the recorded cases of total colour- 
blindness have been examined physically with such care as to war- 
rant us in saying that it was absolute. With the optical instru- 
ments now accessible to us, and especially with the means of pro- 
ducing the purest and most brilliant colours which the apparatus 
for polarising light secures, we should probably find no human eye 
otherwise perfect, absolutely insensitive to colour. 

And even if it were altogether unimpressible by colour, it appears 

1 Taylor's Scientific Memoirs, 1846. Pp. 162, 163. 
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' e.^ce€dingly doubtful whether we should be able to discover t!iat it 
was* We liave it not in our power to subject an eye simply to the 
influence of colour* E%^ery luminous ray is (in the language of the 
Material Il^niuthesis of Light) a biinclh^ of colour-giving, heat-giving, 
and chemical or actinic raye, mingled in unequal proportion. Each 
colour-ray, therefore, carries along with it to the rttinaj a different 
uutiiber of heat*rays and chemical rays. ThuSj if ibr simplicity' ej 
sake J we assume only three colours to exist, red, blue, and yellow, 
then the red ray of tlie spectrum, which the painter aietaphorictdly 
styles a warm colour, is m reality much hotter when tried by the 
thermometer, than the blue or yellow- The blue, which is the 
coldest and darkest of the three primary coloui's, greatly excels the 
red find yellow in the number of chemical ravs which accompany it; 
whilst the yellow^ which is totally destitute of such raySj and con- 
tains very tew heat-rays, nnist necessarily consist almost entirely of 
colour-rays; and it further excels red and blue in luminosity- 
The retina, accordingly, in so far as it is indueneed by heat^ will be 
most affected by the red ray ; in so far as it is susceptible of che- 
mical change, by the blue ray ; and in so tar as it is influenced by 
litminosity, by the yellow raj^ ; apart from the special impressions 
made upon it by eacli ray in viilue of its colour, 

• When, therefore, we ask any one to gaze at a rainbow (which I 
select as the great natural representation of many colours) and tell 
lis what he sees in it, we ask him to report on a series of complex 
I sensations, to the production of which tlie brightness, heat, colour, 
H and chemical force, present in the light by whicli he sees it, all do^ 
^ or at least may, contribute. Such a spectator, thonrrb absolutely 
blind to colours, might retain susceptibility to all the other influences 
of light, and would probably possess it in a higher degree than tliose 
who were not colour-blind. It is certain at leaj>t, as the seijuel w^ill 
sfiow, that the coloiu> blind, of all degi^ees, often possess in perfection 
the jjower of distinguishing shades of the same colour; and that 
when they confound two ci>loui*s, such as red and green, they assort 
together, with great nicety, the light and dark shades of the on© 
whh the similar shades of the other. 

■ The most sevei-e sufferer, accordingly, from colour-blindness, may 
be expected to see as large and as pertect a rainbow or spectrum as 
others do, although to hhn it is colourle.ss. The difterent bands, 
such as the bright yellow, the dark blue, and the intermediate red, 
will affect his eye differently, in virtue of their different luminosity; 
^and if he hatl been accustonxed from early life to distingui.sh degi^^es 
^^■iif brightness by the terms yellow, red, and blue, we should never 
^^ discover, by his description of the rainbow, that he was colour-blind 
at alb 

■ It is true, that if difference in luminosity were all that distin- 
guished one band of the rainbow from another in the eyes of the 
colour-blind, it should be possible to paint a spectrum in black and 
—^ white, which would satisfy tlicm as well as a coloured one ; and in 
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that case we should have a certain proof that colour was, for thei% 
non-existent. Probably, however, only a colour-blind artist could 
execute such a black and white spectrum as would satisfy a colour- 
blind eye, and it would appear very strange to normal eyes. 

But, for the reasons already given, it seems certain that the un- 
equal temperature and chemical energy of the several bands of the 
spectrum will be as acutely felt by colour-blind as by normal eyes, 
and therefore that no combination of light and shade would impress 
even an achromatic retina as a combination of colours does. A. 
colour-blind person, therefore, would find something wanting in a 
black and white spectrum, and could never make us certain that that 
something was not colour. 

What has been said of those who are totally colour-blind, applies 
in great part to those who are partially so ; only investigations ot the 
latter are much simplified by the fact, that in general they are cog- 
nisant of two of the primary colours, and are often also not altogether 
imconscious of the third. But all cases of colour-blindness agree in 
this, that to the extent of its occurrence in any one, it implies a con- 
dition of vision, in reference to which there is not a common expe- 
rienjce, and therefore cannot be a common language between those 
conscious of colour and those unconscious of it. The information, 
accordingly, which they can convey to each other is almost solely of 
a negative kind. We cannot, for example, give to one who never 
saw green a positive conception of what we understand by it : we 
can at best make him aware that it is none of the colours he does 
see. And he, on his part, cannot make us understand what positive 
impression green makes upon his eye, altliough he may satisfy us 
that it is something different from that which blue or yellow makes. 

It must therefore be remembered, that the report of every case of 
colour-blindness is rendered hopelessly imperfect, in a twofold way, 
viz., by the impossibility of subjecting the eye to the test of colour, 
unaccompanied by other agencies, and by the impossibility of pro- 
curing from the colour-blind a positive account of the peculiarities 
of their vision. 

The cases of total colour-blindness collected by Wartmann have 
been imperfectly described by their original observers. One goes 
back to 1684, and is thus detailed : — " A young woman, 32 or 33 
years old, came to consult Dr Dawbeney about her sight, which, 
though excellent in other respects, incapacitated her from appreciat- 
ing any other colour than white and black, although she could often 
read for nearly a quarter of an hour in the greatest darkness." A 
family is refeiTed to by Spurzheim, " all the members of which 
could only distinguish black and white." Three persons of one 
family, named Harris, are also referred to, " who distinguished in 
colours only tints of luminous intensity, calling all bright tints white, 
and all dull ones black." ^ 

^ The original authorities for these statements are given in Taylor's Scientific 
Memoirs, 1846. Pp. 162, 163. 
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I have not myself met with a case corresponding to those, although 
I shall have occasion, tLu^thci' on^ to refrr to a physic inn who con- 
founds all eohnirs, Oinf, however, has heen imported to me hj Mr 
Charles In^Iis, of 48, Hanover St ret^tj Edinburgh ^ who vvasi'well 
acquainted with the party. He has reeently gone to Australia, so 
that he is for the present beyoiid the reach of inquiry. According 
to his oAvn testimony^ and the belief of mj informant^ "he couUl not 
distinguish any colours but black and "white f yet, strange as it may 
seem, he was a houj^e-pii inter. The exjdanatioti of his prosecuting a 
calling, for which apparently he was ao unfitted, is found in the fact, 
that he was iin excellent draughtsman, with a good eye for form^ 
and skilful in designing. He trusted to his wife to keep liirn right 
in selecting and mixing colours; but ou one occasion, when she was 
out of the way, and workmen were scarce, he took a part himself in 
paiutinga public huihhng m Enghmd, vvhieli he had Ijeen employed 
to put in order. He mixed tlie colours luniself, and believed that 
iJie hud [produced a stone-tint^ with whicli he proceeded to cover 
the walls; but after lie hiul gone over some square yards, he 
was intbrmed that he was painting the building blue I 1 regret 
that I can supply no farther particulars concernijig tins interesting 
case. 
^H ^- The second variety of colon r-blindn ess, ^ here the nicer shades 
^■of the ijiore compo^jite colours alone are mistaken, is apparenli^ the 
^nule ratlier than the exception in the majority of persons, at least of 
^fthe male sex, iu this country* But the sense of colour is so little 
^* cuhivated amongst them, that the power of discrim mating between 
tJnts is often dormant rather than al>sent ; and the excessively scanty 
■ uomenclature of colours with w^hich they are in general satisfied, does 
^■Itot funnsh the means of thstinguisliing between colours and their 
H^hade^, although that distinction m^y oe perieclly well perceived, 
I Even educated men lieslinte to pnnioiince between scarlet and crim* 
son, and are often content to call both, throughont all their shades, 
Med. Among the less educated, the rekictance to name colours is 
Still greater; and if difficulty in naming were accepted as inqilying 
diffit^ulty in distinguishing colours, we shonhl be compelled to infer 

»that the true perception of these was a very rare gift. In examin- 
ing, for exam]>le, one by one, the Chetnieal Class of the Edinburgh 
Veterinary College, anm anting to some sixty persons, I ibond the 
great nmjority decline to give names to any colours but red, blue, 
ytdlow^, green J and brow in l*in*ple and orange they would not name, 
fllthougli they described the relation of these to red, bine, and yellow, 
-with sutfieient accuracy. Witliout a little circumspect tun, accord- 
ingly, one might easily be unified into the belief tliat colon r-bhndness 
is much more common tlian it really is. liut names of colours ctjn 
quite well be dispensed with in exauiiuing cases of this afiectioiu A 
safer method is, to rct|uest that a number of difierently coloured 
6<piares of cloth, or paper^ or glass, or skeins of worstedj be arranged 
ISO that all of tlie same colour and shade are placed together. When 
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this is done, it will frequently be found, that thoae who make no 
mistake in matching full tints of the primary and secondary colours, 
err in certain of the fainter shades of both, and in all the shades of 
some of the more mixed colours. Thus the difference between pink 
and pale blue is a puzzle to many who do not otherwise confound 
colours. Mr Crombie, dyer, Brown Square, Edinburgh, informs me 
of three persons known to him, connected with dyeing, to whom the 
tints in question were a constant occasion of mistake. Messrs Grieve 
and Company, late of South Bridge, Edinburgh, had in their employ- 
ment a person who could match all colours but drabs. Professor S. 
is never certain, even by daylight, of the difference between blue and 
green ; and many persons confound pink with pale yellow. No dis- 
tinction, however, of any value in a scientific point of view, can be 
drawn between such cases and those which are cliiefly discussed in 
this paper, for the difference between them is plainly one only of 
degree ; but it is practically convenient to separate them, for whilst 
the milder forms of true colour-blindness are as incurable as the more 
severe, they cannot always be distinguished, especially in the young, 
from an inability to discriminate certain colours, which education is 
quite c<impetent to remove. In truth, we are all by birth colour- 
blind to some extent ; and painters know how long it is before the 
most susceptible eye acquires its maximum sensibility to colour. It 
will be more convenient, liowever, to reserve the full consideration 
of what may be called curable colour-blindness for another part of 
the paper. 

3. Tiie third form of colour-blindness, in which red, blue, yellow, 
purple, orange, green, brown, etc., are respectively mistaken for 
other colours, or all confounded together, is the most important 
variety of this affection. In extreme cases, although colours are 
occasionally quite correctly named, there is no certainty as to any 
colour. In less severe cases, the majority of colours are seen accu- 
rately, but two at least (as red and green), and generally four (as 
red, green, olive, and brown), are not distinguished from each other. 
The examples adduced in the sequel will illustrate this and many 
other points, and I reserve the statement of those general conclusions 
which the })re3ent state of our knowledge on colour-blindness seems 
to warrant, till the cases in question have been considered. There 
are one or two points, however, which first require notice. Of 
the three primary colours, yellow is certainly that which gives 
least difficulty to those not absolutely unconscious of colour. The 
majority of the colour-blind see it perfectly, and no case, so far 
as I know, is on record where yellow was the colour most liable to 
be mistaken, or where it was confounded with its complementary 
purple. Blue, if pure and well illuminated, is readily recognised by 
the majority of tliose who are colour-blind, and a few describe it as 
the colour they see best. Yet, singularly enough, though blue and 
yellow are so well seen, their combination, green, is one of the great 
stumbling-blocks of those who confound colours. It is frequently 
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mistaken for blue, stUl more fi'equeiitly for re J, and occsisianally 
for yellow. 

Red h the primary colour most distracting to the subjects of 
colour-blindness- For some it has absolutely no existence^ for 
many it is nndistin^uishable from its cam piemen tiuy green ; anrl 
the most famous cases of colonr-bluidnessj including that of Dalton^ 
are connected with a confusion or identification of red with green. 
A rarer but not less interesting case, is the identlfieation of reti with 
black. Uncertainty as to red and green might be expected to imply 
a corresponding uncertainty in discriminating the more complex 
colours into winch they enter, and to a great extent this is the case. 
Purple is confounded with blue, the red apparently not being visible. 
Orange is called yellow\ Olive is confounded with brown or rather 
russetj tlie ^reen in the one^ and the red in the other, inducing tbe 
same confusion as they do when seen together in a state of purity. 

The foUowhig cases, which have come under my notice during the 
last nine monthsj are, with one exce|)tiun, published now for the first 
time. Several I have had the opjiort unity of examining myself 
Several have been examined by others, who have reported them to 
me. Others rest upon the authority of the parties themSLdves who 
communicated them. The names of the parties have, at their own 
request, been omitted in tlxe majority oi' cases ; but as it is tlesirablej 
for the sake of statisticSj to guard against tbe same case beiuij de- 
scribed by two observers^ and coiintiug as two cases, I have jikced 
a list of the names in the hands of tlic Editor of the " Monthly Me- 
dicalJoumal,'^ so that those who encounter cases of colour-bhndness 
may learn trom him, or from me, whether they are described in this 
paper. 

The letter of the alphabet, marking each case, is the ultimate, not 
the initial, letter of the partes name, I have been driven to this 
departure trom the ordinary practice by the somewhat singular cir- 
cumstance, that one alphabetical letter largely predominates in the 
sui'name-initi^ds of my cases ; so that on grounds as good as those 
on whicti statistical conclusions are often based, I might affirm, that 
persons whose sm^iiames commence with a particular letter of the 
alphabet, iire more liable than others to colour ^blindness.* 



* Some have thought that eolour-blinilnesB was accompanied by a i>ccnlmt 
colour of tbe iris ; others by a peculiar appearance of the pupU ; otliera by a 
pectiliar expression of tbe eje ; others by a promiTjence iti tlie middle of the 
stt|>erciliiiry ridge (tlie pbreiiologieal organ of colour)* Had tbe advocates of the 
, importance nf any one of those physical clmractcrfi, as an index of colour-bhnd- 
I Bess, encountered as many examples of its occurrence, as I have encountered of 
a coiiimim initial in tbe snrnamea of the Bubjects of that peculiarity of vi^ion^ 
they wouUi probably have considered their view as establiabed ; and yet these 
cases might b? quite exceptional, and prove to be unimportant as Eoon as tbe 
investigation included a krg^er number of pcrsonii. It may illmlratc the danger 
of induction from too few particulars to mention, that the obnoxious initial 
marked the surname of ihe first eolour-blind person 1 encountered ; that it cliar- 
.asterises the four aeverest cases which have come before me; that it occurs in 

B 
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11. — Cases Illustrative of the Degrees and Varieties of Chromato- 
Pseudopsisy or Colour-Blindness. 

The great majority of cases of colour-blindness occur in persons 
of the male sex. 1 shall therefore describe the male cases Known 
to me first. 

Case I. — ^Mr D., a middle-aged gentleman, discovered in boy- 
hood the peculiarity of his vision in reference to colours, from the 
disagreement between himself and others, as to the names to be 

given to the strands of a particoloured string with which he was 
ying a kite. He made known his case to me ; and as he attended 
my lectures last winter, I had many opportunities of testing his 
vision. The following is his own account of matters, drawn up 
at my request : — 

" As far as I can tell, the following expresses my experience as to colours. 
Yellow is the brightest colour ; blue nearly as bright. These two are the only 
ones I see distinctly in the rainbow. Red I can distinguish when bright, but 
delicate shades I confound with stone colour or grey. Green I have no distinct 
conception of. According to its different shades, it appears black, brown, red, 
yellow, blue, and grey. 

^* I cannot distinguish at any distance the ripe cherries on a tree, or straw- 
berries, from their leaves. The flowers of a scarlet geranimn I cannot see dis* 
tinctly at a distance by daylight ; but by candlelight there is a marked contrast 
between them and the leaves. 

** I have no conception of what is meant by complementary colours, or of the 
agreement of different colours when blended together, as for instance what kind 
of a carpet accords with red curtains in a room. 

" With regard to my want of perception of green, it appears to me that the 
blue and the yellow rays neutralise each other, and, when in equal proportions, 
constitute what is really no colour, varying all the way from a very light diub 
or grey to a dingy black. When the blue rays predominate, it appears a blue 
^rab ; and when the yellow rays are in excess, it appears a yellow drab. When 
the blue and yellow are properly blended, a lady's green silk dress appears to me 
very similar, and no more glaring than a drab silk. The dry dirt of the street I 
could equally suppose to be green. 

" I also confound red and brown frequently. I could not distinguish between 
treacle and blood spilt in a road by daylight, though I believe 1 could by candle- 
light." 

Mr D., it will be seen, like the majority of the colour-blind, sees 
only blue and yellow in the solar spectrum. He would be set down 
by many as identifying red with green ; but in reality red when 
vivid, fully illuminated, and not far removed from the eye, is for him 
an actual colour ; whilst green is not its equivalent, for it is not 

one of the three female cases referred to in the sequel ; that of seven medical 
men, colour-blind in different degrees, six answer to the said letter ; and that, 
altogether, I have fifteen examples of the occurrence of this initial, whilst two of 
the most celebrated cases, described by other authors, rank under it adso. This 
list does not include relatives ; and only one surname occurs twice, there being 
sixteen separate surnames, whilst the most common name that occurs under this 
letter is not represented. 
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uniformly confounded with red or any other single colourj but sinin- 
lates uiiiiiy, and trequentlj appears black, ie.^ makes no luminous 
impression upon the retina, Mr !>*, indeed, is certain that he often 
sees red cjuite distinctly^ hut lie is not certain that lie ever saw green ; 
all coloursj accordingly^ on which he cannot at once pronouacej he 
Bets aside as probably green. 

This gentleman is an educated, highly intelligent person, and he 
allowed me to test Ins peculiarity of vision in as many waj-s as T 
pleased, 

0)ie of the modes which I adopted, was to ask him to assign 
names to the colon r-diagmms in ^Ir D, R, Hay's *^ Non>euclaturc of 
Colom's" (second edition). He has coirectly distinguished the pel-- 
totm^ and has not mistaken other colours for them, either by day- 
light or candlelight. The blufs are also rightly defined by daylightj 
but other colours are mistaken for them^ as the jiurple of plate 2j 
which is culled dull blue ; the lilacs of plate S, which are called dhfgj^ 
blues ; and the blue-greens of plate 15, which are called bluish-red. 
By candtehght the green of yilate 2 is called blue ; the blue-greens of 
plate 5, blue; and the blue-greens of plate 1!, reddish-Mus and 
blue. 

The bright reds are distinctly discriminated both by daylight and 
candlelight ; but, as implied in the last paragraph, bknsh-greens are 
mistaken for bluish-reds ; and, as tlie sc(|ucl will sliow^ certain shades 
of x'ed and green .ippear identical. 

Greens appear under all names. Tims the pmt3 greens of Mr 
Hay's first and secontl plates are referred to as " i^ddi^h dark drab"" 
atid *Uight brown" by cUiyliglit^ and as *' reddi&ih-blue" and "blue'* 
by candlelight. The pale greens of jjlate 6 are pronounced to be 
** drabs" by daylight, and *' drabs or greens'* by candlelight. The 
olims of plates 4 8j and 1 ^ are styled, as seen by clay light, *^ browns ;" 
and plate 23, which con taijis three shades of red ynd thi-ee of green, 
is regarded as displaying by daylight six shades of dark crimson, tile 
greens being further described as rather browmer than the reds. By 
candlelight the same colours were seen as three *^ reds" and three 
"dark drabs or greens.** Plate 29, which contains three different 
shades of red and tln-ee of gi'eeu, is described as showing, by clay- 
Ii|jht, six pale reds, and by caitdleliglit three reds and three reddisli- 
lilacs. Ill addition, the darker shades of purple are all styled 
black- 

I also tried Mr D* wth coloured pn]>ers, powders, vegetable infu- 
dons, and pieces of glass. Pure blues and yellows he did not mis- 
take, nor bright reds when seen near j but dull or dark reds were 
contbimded with gi'cen and sometimes with brown. Among the 
greens, however, every mixed colour found a place, so tliat all the 
paler shades of violet and red-piu*ple, aU the russetsj yellowish-browns, 
greys, and neutral tints were arranged together, and along with the 
true greens, regarded as shades of one colour, which w*as by pi^e- 
Ibrence styled drai. 



1 6 PR G. WILSON ON COLOUR-BLINDNESS. 

Mr D.'s vision, except in regard to colour, is perfect. His eyes, 
which were examined by my friend Mr Walker the eye-surgeon, are 

Suite healthy. The iris is grey ; the pupil does not show so deep a 
lack as the maiority of eyes do, in consequence, as Mr Walker 
thinks, of a deficiency of the pigmentum niqrum of the choroid. Mr 
D.'s father, two brothers, one sister and her son, have exhibited a 
similar peculiarity in the perception of colour, but it does not appear 
in his cnildren. 

Case II. — Mr P., let. 2^^ unexpectedly discovered his defect in 
the discernment of colours, in consequence of a piece of enamel 
which he had prepared, and believed to be pearl or milk-white, being 
pronounced by others to be decidedly green. He was with difficulty 
con>4nced of this ; but he gradually became satisfied of his peculiarity 
of vision, which has betrayed him into many inconvenient mistakes. 
Last winter he worked for five months in my laboratory, and some- 
time elapsed before I discovered his colour-blindness, which he was 
not ready to acknowledge, and could to a great extent conceal, by 
his sagacity in obser\^ing those properties of bodies which are not 
affected by colour. But as colour is frequently the only criterion 
by which chemical compounds can be distin^ished irom each other 
in the course of analysis, and as he was a thoroughly conscientious 
worker, he could not avoid frequently aj)pealing to others for assur- 
ance regarding questionable tints ; and it was in reply to a recom- 
mendation of mine, that he should train his own eye to appreciate 
colours, and not look to assistance fix)m the eyes of others, that he 
made known to me his colour-blindness. The following is his own 
account of his case : — 

" I have most difficulty in distin^iphing greens, except ^rhen they are of a 
medium tint, and very pure. When dark they appear brown or black mixed 
with blue ; and when light, where the yellow predominates, 1 distinguish nothing 
but yellow. 

" In the spectrum and rainbow I only see two colours, blue and yellow. I am 
very uncertain about any colour, when either very dark or very light. Sur&ce 
has a considerable influence in determining my judgment. I distinguish bright 
and transparent colours best. 

" In going over the diagrams in Mr Hay's work (" Nomenclature of Colours," 
second edition), I find that I give the same colour a diflferent name on different 
occasions. 

" Artificial light causes some green colours to appear blue, and does not assist 
me in distinguishing other colours." 

It will be seen from this account, in spite of its brevity, that Mr 
P.'s case is worse than Mr D.'s ; and as both gentlemen examined 
colours together in my presence, I could fully compare their- cases. 
I did not ask Mr P. to name many of Mr Hay's colour-diagrams ; 
but here are a few, as determined by him. The green of plate 1 he 
distinguished rightly by daylight, but described by gaslight as " blue 
and brown." 
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In plate 2(1 j us seen by gaslight, tlie hue called by I!^Ir I Jay eitrhm 
is described as ^reeiij aiid the tme gi*cen is named Itrown ; russet is 
clescnbed as red; and purple as red and black; olive as hliw and 
blacky niv\ omiige as dark reth In plate 11 til, jni^ri Is green m \eft 
unnamed by davlight^ and a dai*ker shade of bkie-grL^eri is described 
as red and blue, llotb are di^scribed by gaslight as blue and tjnn/. 
In plate 1 3th, the lightest of three ^shades of yellow-green (pomoua^ 
green) is calleil '^ oraw.ie^'' by dayHght ; and tlie darker shades arc 
described as '^ red and brown, ^' By gaslight the fii-st api>eared ^^gre^ 
and i/ellow" tlic others ^* grei/ emd bluer 

From this accoimt, it should seem that artificial light makes a 
greater difference in Mr P/s appreheusioti of colours than would be 
infeiTed from his own account ; but it must be remembered, on the 
other hand, that as he does not uniformly misname colom'Sj it is 
difficult to he certain Ivnv far this element of uncertainty aliects the 
results obtained with diftercnt liglits. 

I made many trials in other ways with ^Ir P. Wliat struck me 
most in his case, altliough it seems likely tliac it is a general accom- 
paniment of the extremer formes of colour-bliudnessj was the exhi- 
bition of a feeble hold upon colour^ as a quality of bodies. Apart 
altugether from confounding one colour with another, Mr P. fre- 
cpiently hesitates to give any name whatever to bright secondary 
colours, such as purple and green , and if one is suddenly shown 
him^ or H' many colours of any degree are shown at ouce^ he totally 
declines to venture upon namesp Thus, on some occasions he has 
distinguished red and green liquids from each other, and on others 
has confounded them. Red lead he prone funeed to be red, but he 
could give no name to the colour of vermiliosi. Small scales of 
copper-red tinsel, exhihitijig a bright metallic lustre^ be thought 
ahow^ed tmry colour, Red oxide of iron he recognised as reddish- . 
browuj but he could not describe the colour of the nearly similar 
brown, or piice oxide of lead* The green oxide of chromium he 
pronounced on one occasion to bo black, and on another to be brown. 
Grasii appears to him sometimes green, but generally yellow, and 
be knows only a diftei-ence of shade between ripe and nnri|)e corn> 

Two other [joints in connection with Mr P.'s case appear worth 
notice. The spectacle of matiy bright colours exliil>itea together, 
which is a source of pleastuv to those who have a normal perception 
of them, painfully distracted this geu tleman, and any len^tbened 
effort to match or arrange colours invariably produced headache. 

On the other hand^ he unconsciously betrayed an effoit to supple- 
ment bis defective yision of colours by all secondary aids. If 
aloured papers were shown him he fixed upon any dillerence in 
tape, smoothness, or configuration^ which they presented, and 
'when they were shown him again, recognised them by ilifi'erences 
which would have escaped most other eyes. He W7)uld fi*equeiitlyj 
accordingly, have appeared to a stranger to recognise colours, wliei^ 
in reality he was only recalling the form or conuilion of surface of 



18 DR O. WILSON ON COLOUR-BLINDNESS. 

the coloured body. If liquids were sho^vii him, a difference in 
transparency caught his eve, and he set down the most transparent 
as metallic solutions, and the least transparent as vegetable infusions. 
Of the last he knew that the one most likely to be found in a 
laboratory was infusion of litmus, so that he had only red or blue to 
choose between, as the colour of the muddier liquid. But, when 
perceiving this, I placed before him an acid and an alkaline infusion 
of the purple cabbage, each equally muddy, he would not speak 
confidently as to a diHerence Iwtween the bright red of the one, 
and the bright green of the other. 

With all this inability to distinguish between colours, Mr P. was 
conscious of no difficulty in arranging shades of the same colour, or 
of different colours, according to their intensity. Such a power is 
possessed by the great majority of colour-blind persons ; but how 
far their airangement of shades of colour woidd satisfy a normal 
eye, is a question interesting in many ways which I shall leave un- 
noticed in this place. 

Mr Walker, at my request, examined Mr P.'s eyes, and found 
them quite natural, the pupil presenting tlie same grey colour as in 
Mr D. The iris has that light hazel or golden colour which Wart- 
mann^ thinks has some claims to be regarded as a characteristic sign 
of colour-blindness. Vision was })eriect, and could be exercised in 
the presence of a very faint light, as Mr P. had observed, whilst 
working as an amateur ])hotograplicr. He was a good draughts- 
man, a very good manipulator, and except where colour was con- 
cerned, had a trained and accurate eye. 

Case III. — Mr W. L. Hughes, learning that I was interested in 
colour-blindness, kindly made his case known to me, and allowed 
me to give his name. He is at present studying medicine at the 
University of Edinburgh, but he followed for some years the pro- 
fession of civil engineer, and was trained as a draughtsman. He 
has thus been accustomed, for years, to use coloure, and was the 

t)rize student of his class as a sketcher from nature. He discovered 
lis peculiarity of vision some six years ago, and found it specially 
inconvenient when di*awing sections, from his constant liability to 
confound red with black. His eye is natural and healthy ; the iris 
is dark grey ; vision apart from colour is perfect ; and he is long- 
sighted. In the rainbow he sees blue, yellow, and orange. He is 
doubtftil whether he sees other colours in it, except red, to which 
he is not altogether insensible. Blue he regards as the colour which 
he is least liable to confound with others, and red as his great 
stumbling-block. He cannot, unless near them, distinguish flowers 
with red petals, from the accompanying green leaves. 

On asking Mr Hughes to give names to Mr Hajr's colour- 
diagrams, he erred most between dark greens and red browns. 

1 Taylor's Scientific Mem., 1846. P. 171. 
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When I showed him coloured powders he pointed to green oside of 
chromium and red oxide of iroHj as shades of the aame colour. He 
also confounded dark reds ^uth broi^ms. When asked to select 
ir«3ni a number of pieces of coloured glass all tlie s[>eciraeiis which 
were red, the majority were rightly chosen, but two or three w^ere 
green ; and m the same way, when assorting greens, he placed a 
few reds among them. 

This gentk^man has paid a good deal of attention to chemistry, 
but the colours of nreeipltatea have been a constant cause of per- 
plexity to hijti, ana he feels equally uncertain as to the action of 
acids and alkalies on vegetable colours* , He has ftirtlier noticed that 
he is liable to confouJid pink with liglit blue, and that by artificial 
light greens acquire a blue tint* 

Ujilike most colour-blind persons whom I have conversed with, 
Mr Hughes is exceedingly prompt in his judgments on colmirs, and 
adheres firmly to the names he first gives them. Ilis case is a well 
marked and intei'csting one^ for it will be seen that he confounds 
bright red with bright green, ruddy brown with dai^k gi'eeii, pink 
with pale blue, brown with red, and what, perhaps, is rarest of all^ 
black with red. He gave me a verj^ interesting illustration of the 
extent of his colon t*-blindness in reference to red and green* When 
acting as assistant to the enjjineer of the Granton railway, he fre- 
quently i*eturned in tlie evenuig from Granton to Edinburgh on one 
of the engines, without, however^ taking any part in managing it. 
On these occasions he observed, that although his undivided atten- 
tion w^as dh^ected towards the signal danipsj the light of which was 
visible to him a long way off, he ei>idd notj till he was close upon 
them, distmgnisli whether tliey were red or green* He feels certain 
that he could tell a blue from a red light at a distance which would 
make green and red appear the same. He has no relatives with a 
defective sense of coloiu^ 

Case IV* — Dr William Bryce, one of the four prize medallists 
among the Edinburgh graduates in medicine of this year, was intro- 
dncea to me by Mr D. (Case L) as one alHictcd like himselfj but 
not so severely. Dr Bryce (who allows me to give his name) has 
been a^are of his defect for some years, and found it specially in- 
convenient when engaged as a teaclier of chemistry. He had fre- 
quently to askj instead of telling his pupils, what the colours of 
precipitates >Yere, and he was uncertain as to the full action of 
acids on litmus, and still more as to that of alkalies on turmeric. 

His eyes had suffered a little fi'oni over-study^ but viij^iuii is excel- 
lent* The iris is haz^el, and he is long-sighted. In the rainbow he 
sees blue and yellow, but so far as lie remembers no other colours ; 
certainly not red or green. In natural objects he distinguishes blue 
and yellow readily, but he is very uncertain as to red and green, 

I had but one interview with this gentlemaUj and was not able to 
ejcamine his case minutely^ but its cliaracters are sufficiently marked- 
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At first it seemed but a slight one, for he readily distinguished bright 
red, and bright green linen and glass, when held near to the eye 
in full sunshine. The darker shades of these colours, however, 
stumbled him. He could see no difference between olive and russet, 
either on broad cloth or on paper, and three yellow greens and three 
red pur j)les (Mr Hay's 13th plate, Nomenclature of Colours) appeared 
to him identical. He also confounded purples with browns. • 

I might have supposed this the extent of his colour-blindness, had 
he not observed to me that he was not nearly so bad as Mr D. This 
led me to point to a bed of scarlet geraniums about forty feet distant 
from the window at which we were sitting, and to remark, that 
though the sun was shining so brightly on them, Mr D. would be 
unable to distinguish the petals from the leaves. To my surprise 
Dr Bryce proved to be in the same predicament. With difiiculty 
he made out the flowers, but he could not distinguish their colour. 
I then directed his attention to a single scarlet verbena, distant 
only twenty feet from the window, and asked if that plant was in 
flower. He replied in the affirmative, and that it was one of the 
cruciferae : its colour he hesitatingly added was yellow : it was in 
reality one of the reddest shades of scarlet. 

I mention these apparently trivial circumstances because they 
lead to a conclusion of great importance in reference to the use of 
coloured signals on railways and elsewhere, which all the records of 
colour-blindness will, I apprehend, be found to justify. The majo- 
rity even of colour-blind persons are able to distinguish bright red 
from bright green, when these are near the eye and well illuminated, 
but the power of distinguishing between these colours diminishes 
w^tli great rapidity when they are removed to a distance from the 
eye, so that a separation of a few feet or a few yards, according to 
the severity of the case, abolishes all sense of distinction between red 
and green. Further, those who are thus quickly put out by distance 
in their discrimination of these colours, may be detected by their 
inability to distinguish close at hand russets and ruddy browns from 
olives and other dark greens. And as the coloured day-signals on 
railways, especially the flags, which alone are available in some of 
the most pressing emergencies, soon tarnish and darken, the effect 
of time is to change light reds and greens into much darker shades, 
and thereby continually to diminish the distance (small at the best) 
at which the two danger-signals can be distinguished from each 
other by a colour-blind observer. I shall return to this topic in 
another part of the paper. 

Case V. — Dr C. has long been aware of his inability to name 
colours so as to satisfy others, and has tried in vain to cure himself 
of his liability to error. So far as I had an opportunity of examin- 
ing this gentleman I found him call four shades of purple, three of 
which were red purples, brown ; four shades of olive he styled also 
brown; and russet or ruddy brown he pronounced to be green. 



DH G. WIMON ON COLOUR-BLINDNESS. 



21 



I 



» 



Three shades of pale aztire blue, and three shades of brown, he also 
pronounced to be all grmn^ I did not detect any conftision between 
bright red and bright green, but he counted them among his diffi- 
cult colours, and regarded blue and jellow as the colours most 
easily distingmshed. 

This case, it will be seen, presents little remafkablej and I would 
not have recorded it were it not that it is interesting in a statistical 
point of view, as I shall have occasion afterwards to notice more 
specially* Dr C. is one of three medical officers attached to a public 
institution^ and anotlier of thera is colour-blind as well as he. 

Case VI.— Dr E., the colleague of Dr C. referred to in last 
paragi*aph, is in several respects an interesting example of colour- 
blindness. Like many other colour-blind persons, he is a great 
lover of tlie fine artSj and a skilful draugbtsnian. He was led m 
consequencej early in life^ to discover his inability to arrange his 
own palette^ and was accustomed to rely upon a relative to select 
his colours, whilst he had Ho difficulty in gi-aduating their shades. 
His eye is natural and quite healthy; the iris large and dark brown \ 
the pupil Y^Tj dark^ and vision apart from colour perfect. In the 
rainbow he distinguishes blue^ yellow^ and orange. Green he never 
sees in it, and he is very uncertain as to red. In coloured objects 
he has no difficulty wif;h blue or yellow, but he stumbles at red and 

freen, and olive and brown* The reddening action of an acid on 
lue litmus paper is invisible to him ; he has no difficulty, however, 
in observing the action of an alkali on turmeric paper. 

Reds and greens he does not always mistake ; out they are fre- 
quently nndistinguishable as separate colours, especially on such 
surfaces as those of moss and of velvet. Green moss, indeed, 
and red and green velvet make the same impression on his eye^ so 
far as colour is concerned* He is foiled also by worsteds of these 
colours \ and on one occasion betrayed his peculiarity of vision by 
his inability to see the contrast between the scarlet berries and 
green leaves of the mountain ash. On another occasion, he was 
surprised to find on returning home from a journey, that a letter 
which he had written during Ids absence was one half in blaek and 
the other in red ink. 

A red brick house, which to others is a conspicuous object in the 
landscape, even at a ^eat distance, is to him an inconspicuous one, 
and made out with difficulty solely by its form. 

These results of his experience were confirmed upon trial, I 
noticed also that ruddy browns were confounded with olive greens ; 
by candlehght bluish gi-eens w^ere said to look bluer than by day- 
l^ht, and the contrast between red flowers and their leaves was 
much more marked than by daylight. 

What interested me most in this case was the occurrence of colour-* 
blindness in a friend, whom I had kno^vn intimately for many years 
without discovering or suspecting that he laboured under it, although 

c 
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we seldom met latterly without exploring together the beauties of 
his flower-garden. From his fondness for paintings, he was the last 
person I thought of as likely to be colour-blind, and it was my re- 
quest that he would look out for cases among his patients that led 
him to tell me that " it was not necessair in seeking for them to go 
beyond the doctor." He afterwards added that he had not been 
conscious of his defect for more than thirty years, without finding 
out many ways of supplementing and concealing it, so that although 
indifferent to its being known, it was known to few. I mention this 
because it has an important bearing on the statistics of colour-blind- 
ness. I have been frequently cautioned against being deceived by 
pretenders to this affection, but few have apprehended that true 
cases might be concealed. Yet there can be little question that 
colour-blindness occurs more frequently among females than the 
published records indicate, and that there is more reason to fear the 
concealment than the feigning of cases by them. The majority of 
men set little value on the possession of a nice sense of colour, but 
women highly value it, and cannot be expected to be ready to con- 
fess to its want. Colour-blindness can be as readily detected in 
them as in men, when an opportunity of testing their sense of colour 
is afforded, but cases'far more rarely present themselves where it is 
worth while to institute a formal examination. 

Case VII. — ^Dr K., a medical man, aged about 40, has described 
his own case so fully in the letter which I subjoin, that it demands 
scarcely any commentary. After stating that, in its general features, 
his colour-blindness resembles that of Dalton, he continues : — 

*' I have, from a very early age, made great efforts to overcome this defect 
by studying works and papers on colour, among which I derived great assist^ 
ance from Syme's Nomenclature of Colours, and Hay's Harmony of CJolouring 
— ^indeed, in 1833, 1 brought these two works under the notice of Chevreul, 
who was then engaged in the investigation of this curious subject. To endea- 
vour to familiarize my eye to the primary and prismatic colours, I keep in my 
writing desk, and look almost daily at, a chart of the primary and prismatic 
colours. These, I think, I know on the card, but I make sad blunders when 
I leave the card and look at silks, cloths, powders, fluids, or flowers. Indeed, 
I dare not name an^ colour, and endeavour at all times to describe objects by 
other characters than those of colour. 

" When a boy at school, my attention was directed to ray want of knowledge 
of colour by finding I could not see what my father called the W^^ red berries 
of the holly. When other children easily found out the trees which were 
loaded with ripe cherries, I never could till I came so near the tree as to detect 
the form of the fruit. The discoveiy of this defect in vision distressed my 
father exceedingly, and he endeavoured to cultivate in me a knowledge of 
colour by giving me lessons in painting, making coloured charts for me of the 
prismatic and other colours, wishing to believe that the defect resulted from 
want of education in colour, not from a visual defect. I destroyed many a 
painting of flowers, etc., by putting on wrong colours, as blues for purples, 
green for some kinds of red, and yellow for others. I still remember the sur- 

Erise he exhibited when he found I could not detect a red cloak spread over a 
edge, across a narrow field — hedge and cloak appeared to me the same exact 
hue, and they do so to this day. 
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" Blue and yellow are to me the brightest of colours. Red (that Is scarlet) 
ia to me a pleasmg^ober coloui-, whicli refreshes my eye as much @s green; 
indeed I cannot tell any di&erenco in colour between certain ahadea of these. 
Red sealing wax and grass, for instance, are ahsolutely the same exact colour. 
Some shades of brown, green, and red, I cannot detect to be different. Prus- 
sian blue and rouge have the aame hue. A rose, tlie lipa, a ruddy c<>mplexion, 
and the face of a man discoloured by nitmte of ailverj are to my eyes abso- 
lutely the same. Yet my eye can appreciate most delicately the various 
shades of all these coloui'a, but they are all to tne but shades of one colour, and 
that colour varieties of what I see in the pure deep sky or in Prussian blue — in 
fact, blue in vaiious dilutions. Red hot coala and gamboge yellow are to me 
idenlical in colour. Infusion of red cabbage deepened by alkalies, or reddened 
by acids, to me exhibits no change of colour^ but only a greater intensity or 
depth of colour in the acid jar — the actual colour remains absolutely the same, 
1 cannot detect cherries^ strawbertiefi, or the red fruits from the leaves but bj 
their foj-m> 

*' In purchases I have consequently made many mistakes. For insftance, I 
bought a red dress thinking it a green one. I have, on more thau one occa- 
sion, bought red and green trcuseis thinking thejj were brown, and had to get 
them dyed aftervFards to get them worn. In Paris, I bought a red cap to wear 
instead of a hat, thinking it a green one ; in fact, I could give st^ry many iu- 
btances of similar mistakes. 

^"^ The only fact which somewhat staggered me relative to phrenology was, 
that a phrenologist, then nnknoivn to me, now a valued friend, asked me one 
day to answer bim candidly whether 1 knew colour, as in me the hump of 
colour was absent. Several phrenologists who have seen my head since have 
^reed as to the absence of the so-called hump. 

** As to hereditary transmission I can say nothing. So far as known to me 
none of my relatives bad any defect in the perception of colour. My three 
eldest children distinguish colours accurately ; it would be premature to speak 
of the others who are under six yeara. 

** I believe the affection to be much more common than is imagined. In 
tbe eases where 1 made mistakes in purchases, the shopmen who served me 
could not put me right ; for, knowing my defect, I alwaj^s took e&xjecial care 
to ask what the colour was lest I should make a blunder,** 

In the preceding explicit account^ Br K, has, in adJition to direct 
statementj supjJied an incidental proof of liis colour-blindness. He 
refers to infusion of red cabbage as being deepened in colour bj 
alkalies ; but this infiisjonj widen is originally purple, is not rendered 
darker by alkalies, but h changed into a bright green* An equally 
striking^ and withal amusing, evidence of inaoility to distinguish 
colours is afforded by the chart of prismatic colours to which Dr K. 
alludes. He was adventurous enough to prepare it himselfj and the 
result may be anticipated ; a jouthfiil meniber of his family soon 
infonned him that one of the spaces was wrongly coloxn-cd; and on 
asking sight of the chart I found that what was called the^ violet 
band w^as a full crimson, so that both extremities of the prismatic 
spectrum were represented as red, 

Sach a chart could plainly but increase the evil which it hoped to 
cure. It supplies a new occasion for the queiy, "qiiis custodiet 
ipsoa custodes?" 

Dr K/s inference that the shopmen in warehouses wliere coloured 
gfK>ds are sold are frequently unable to distinguish colours, is founded 
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on the fact, that although they ^vere asked to show him only red 
silkSj e^\ gr,^ he was aflowed to purchase a grecD one ; hut this 
inference is perhaps scarcely warranted; for a salesman who has 
exhausted his display of ffoods of ona colour without securing a pur- 
chase, very naturally produces goods of a different colour^ and might 
reasonably infer that \m customer had only changed his mind when 
he selected another tint than that which he inquired for at first. 
But it is quite certam that dyers, painters, weavers^ clothiers, and 
the members of other callings much conversant with colour, are not 
unfineqnently colour-blind. 1 myself have very recently been oftere^l 
*^ any reasonable fee'^ if I would cure a worthy working tailor of 
almost total inability to distinguish colours. Dr K. may have en- 
countered a similar casCj for I know of cases among haberdashers 
and silkmercers ; and on inqniring at one of the latter, who hail 
served under a colour-blind master^ and thereby had his attention 
directed to the matter j what became of those haberdashers who 
could not distinguish coloiurs, lie made the miexpected reply, *^that 
they generally ended in mourning warehouses." 

The following is the most marked example of colonr-bliiidness 
which has come under my notice, and has notj so far as I am aware, 
beeD exceeded in severity by any case on record* 

Case VIII. — Dr Y., get. 27 j early became aware of his inability to 
distinguish colours^ and has cultivated painting in the hope of curing 
or diminishing his defect^ but without any success » Mr Walker re- 
ports his eye to be quite healthy; the iris is dark grey ; the pupO 
unusually black. He has himself favoured me with an account of his 
case, but as he very strongly realizes the want of a common lan- 
guage between himself and those who have not his defect in dis- 
tinguishing colours, he regards this account as hopelessly imperfect, 

"I mu&t again apologise to you for delaying so long to write to you ; I feel 
as if I could not desciibe properly roy ideas, and abo th&i you cannot meet 
me on any neutiaJ ground* 

** Yon are already awai-e of some of the peciiliaritieB in my case, but I may as 
well answei? your qnestioas. The colour of my eyes is binish grey, with a very 
dark pupil ; the quality of Tision^ independent of colour, is first-ratej — I may 
eay faultless, and my idea of outline is good. The colours I see in the rainbow 
arc blue and yellow. Crystals examined by polarised light present to my eye 
the same appearance as to yours — most likely, that is to say* I see the yel- 
low and blue, the red and ^en, and on turning the prism round 1 see them 
changing, but I cannot retain in in y eye the red and green, and could not tell 
them on a piece of cloth the next minute. 

" The colours wluch I distinguish best on natural objects such as cloths, glass, 
©tCp, I think are yellow and blue, the worst are red and green. Yet when I 
try to answer your two questions, which I must run together, * What colours 
are confounded with each other, or supposed identical or undistinguish- 
ableT and ' What mistakes have been made in reference to colours V 1 feel 
that 1 may be said not to recognise any colour. In the first placej 1 never 
could recognise corn whether it was yellow or green, the green appearing only 
as a darker shade of yellow. Green and red 1 cannot dlstmguieh from each 
other. Red 1 never saw in the fire, gas, candles, etc., only yellow and blue. 
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Red cabbage growingj pickled, or iq mfusion, are all the Diost beautiful blues 
I can conceive, aad it waa by not observing any chunge by acids in the infu- 
sion of red oabbagCi, when attending Professor Hope's cbemiBtrj clasB, where 
1 used to stare for the whole hour expecting to aee the change , that 1 first be- 
came fully convinced of my great defect, lied, again j in the Itps, cheeks, 
nose, roses (red), goosebeirieSj infiamniBtbnsj and tilt like^ looks blue to me ! 
— {I never saw a red rose in my life), and yet on recently taking up an oil* 
paint, to illnstmte to anotlier my conception of the colour of the lips, you will 
be astonished to hear that I took up a green (terre verte). On another occa- 
sion I was very much annoyed at a little boy w!io could tell a blue line of 
water-colour, drawn across my finger, from blood ; 1 could see no difference. 
Strawberries, cherries, etc*, i can recognise without the eliE^iitest difficulty, 
but 1 don't trouble myself about their colour ; 1 see only a difference as regards 
what I call sJiad^. Pmks, lilacs, purples, and blueSj are all the same colour^ 
only di&ering in intensity. Browns, russets, maroons, oliveSj citrines^ and a 
host of others, are just anything that 1 can guess at, but I never get further 
than redj brown, or green. The names of the other colours I don't think I 
ever uttered. Indeed I never sptak of colours unless I cannot avoid it, and 
the only practical mistake I ever made in regard to them was purchasing a 
purple neckcloth under the impresgion that it was black* That was the only 
mistake ; for a good reason, I never boug-ht a coloured piece of dress, ^^kne^ 
either before or since, 1 may mention that the same colour, when presented 
to roy eye on different objects, especially with unlike surfeceSj often^ I may 
say generally, appears quite different on each. 

" I have now given you the best account I can of my case. It appears to 
myself, on reading it over, very absurd, and would lead one to ask, ^ What can 
he see ? * Yet I have the firm idea and feeling in my own mind, that I see 
colours the same, and as distinctly as you do, but they produce no lasting 
effect on the eye at all, and 1 cannot recognise them again. 

This gentleman has not^ in any respect, exaggerated his difficulty 
with colom^Sp I have had various opportunities of testing liis colour- 
blindness, both before and since he wrote the acconnt given above. 
The result of one or two trials wiU best illustrate his condition, A 

f>iece of railway red-signal glassj and another of green-sigual glass, 
leld up togetlierj close to the eye in daylight^ appeared to be shades 
of the same colour. He thought, nevertheless^ that he could dis- 
tinguish green glass ; for haviug, shortly before this trial, glazed a 
picture with bottle-green glass, he endeavoured to familiLU-ize liis 
eye with the colour so as to guard against committing the mistake 
again. However, when asked to select from a number of i>ieces of 
coloored glass, those which were green, he placed side by side, green, 
red, brown, yellow, claret, and pink ; and when asked to state which 
appeared to him the pm-est or greenest green, he at once selected 
the claret-coloured ^lass* 

On another occasion, when requested to match coloured worsteds, 
he placed the full reds and greens together, luid put by itself a skein 
of salmon-colonred^ wool as bright yellow. In different pieces of 
worsted-work lie gave the same name to red and to green, but was 
not generally more disposed to call the supposed single colour by 

1 It may be aa well to mention, that the salmon*colonr referred to in the 
tart ia a light shade of orange, taking iti name from the flesh, not the sc^e#j 
ef tha salmon. 
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the one name than by the other. This confusion of red and green 
was most marked when many shades of both graduating into each 
other occurred in one pattern. Dr Y. was uncertain, then, what 
and how many colours were before him, and was reluctant to name 
any. 

Those trials were by daylight. By gaslight much fewer mis- 
takes were made. The railway signal-glasses were distinguished 
and rightly named, and nearly all the deep red and green pieces of 
glasses were rightly sorted, so long as they were examined by trans- 
mitted light, but when laid upon white paper and observed by re- 
flected light, these colours were again confounded ; and the paler 
shades of coloured glass, in whichever way examined, were as much 
misarranged as by dayhght. 

In like manner, when the red and green skeins of worsted which, 
by daylight, had been put in one bundle by Dr Y., were placed 
before him by gashght, he picked out the greens and placed them 
apart ; and the salmon-coloured wool he pronounced to be no longer 
bright yellow, but entitled to a doubtful place among the reds. 
Still, however, he could see no diflPerence in many of the worked 

(patterns between the purest reds and greens, although some of the 
atter appeared now to him blue 

He has had occasion, also, recently to observe, that the differ- 
ence between red and black, which, as occurring in the leather 
bindings of church books, is inappreciable to him through the day, 
can be readily discerned by gaslight. 

This gentleman's case is interesting as exhibiting a colour- 
blindness so entire, that he is not positively certain as to any oolour, 
and, as he said himself, could not m a court of justice speak on oath 
to one. He is not alone in this respect, and the fact has an import- 
ant bearing on questions both of medical and general jurisprudence. 

Dr Y.'s case also is an extreme one, for though vision otherwise 
is perfect, the purest reds and greens are not distinguished'as differ- 
ent colours, even when close to the eye, and fully illuminated. 
Further ; like most of his fellow-sufferers, he distinguishes colours 
better by artificial than by daylight, but he errs in the same way 
with both. 

He is, moreover, a striking example of the Umitation which colour- 
blindness sets in the way of scientific study. He was stumbled at the 
very threshold of chemistry by his inability to make use of colour, as 
a distinguishing character of bodies. Whole departments of Natural 
History were in the same way barred to him ; and he is deprived 
of those important aids towards detecting disease which are furnished 
by colour to other physicians. For him, ex. gr.y there is, strictly 
speaking, no such thing as scarlet fever, for he never saw scarlet in 
his Ufe ; and he would distinguish no malady by such a name as 
€^/ano8{s. 

From the cases reported by others, I select the more important. 
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The majority of thera are the Tolunteered confessions of sufferei"s 
from colour-blinduessj who communicated to me in ^mting their 
condition, Tliej are valuable as independent reports, not sent in 
ans\ver to questions, and free from anj bias furnished bj me. The 
first J which is dated from Loudon^ is interest! ni^ as reyealing the 
experience of one who counts himself not a sufferer^ but a gainer, 
bj his colour-blindness. Mr E. writes thus ;^ — 

Cask IX — " Having Tca<l your letter ia the * Athenaeum' of the 2d April 
(1853), and yonv request for information of unpuhllahed cases of colour^bliad- 
ness, I beg to offer some particulars of my own case, trusting it may l>e of use 
to you. I am an engraver ; and, strange as it may appear, my defective vision 
is, to a certain extent, a usefal and valuable quality. Thus ; an engraver has 
two negative colours to deal with, a. e. white and Idack. Now, when I look at 
a picture J I see it only in white and black, or light and shade ; and any want 
of liarmony in the colouring of a picture is immediately made manifest by a 
corresponding discord in the arrangement of its Uglit and shade, or, as artists 
term it, the ^ec^. 1 find, at times, many of my brother-engraverB in doubt 
how to translate certain colours of pictureSj which to me are matters of decided 
certainty and ease* Thus to me it ia valuable. From my child hood, and I 
am tiow in my fortieth year, I have been totally unable to retain certain 
colours in my mind, nor able to give tlu^ir names when shown to me a second 
time. This defect applies more particularly to compound colours, such as 
ffreen, purple, orange, and brown (this colour I can never define) ; also the 
difference between pink and pale blue, red a and yellows, blues and greens, reds 
and greens ; but the appreciation of tlie various shades of colonns (or the weiglit 
of colours J as I may terra it) is exceedingly nice and critical. Sometimes I 
can see some reds and greens, by lamp-li^ht. A few years ago I went to a 
draper's to buy some green halite, but unfortunately bought a very bright red, 
which was excessively painful to my eyes by lamp-light^ but agreeable enough 
by daylight. One of my brothers is equally defective, and I once knew a 
native of Jersey ^an engraver also— (but now dead) who was equally afflicted. 
My grandfather was very deficient in hb knowledge of colours, but I do not 
know the exact extent/' 

In a second letter^ in reply to one from me, Mr R. writes : — 

" When I was a pnpil, some twenty years since^ Erasmus Wilson (the emi- 
nent surgeon), upon a phrenological cTtamination of my head, pronounced me 
unfit for an artist, lae cause I was so deficient in the organ of colour; but not 
having felt the inconveniencej but rather tlie advantage, of this deficiency, 1 
continued the pni-auit, perhaps unwisely- The colour of my eye (as 1 am told) 
is a deep grey. The siglit is natural and rather pow^erfulj for I am able to see 
very njinute objects without assistance from glasses. 1 can also see very dis- 
tinctly with but little light. 

" With regard to the rainbow, or solar spectrum, I can see clearly all the 
shades of colour, but I am not able to say which is the red. The violet and 
yellow are very clear and distinct" 

Those who have compared a coloured drawing^ or oil paintings 
with an engraving of it, will appreciate the nature of the difficulty 
which Mr R. bo easily surmoimts. In heraldic engraving, for 
example, a system has'^ long been foUo^ved of representing each 
colour by a separate set of marks. Thus, blue is represented by 
horizontal lines ; redj by perpendicular hues ; blacky hj hoiizontal 
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and perpendicular lines ; green^ by diagonal lines from the specta- 
tor's left to right; $Lndpurplt'^ hj similar lines from right to kit- 

This system is to a great extent arbitnirj^j but it succeeds to some 
extent in realising to the eye, the difference in tone of different 
colours. The lautlscaue or figure-engraver has necessarily a much 
more complex and diftcult task to execute ; and we cannot wonder 
that there have been few great engravers. 

It comes, howeverj to be a curious question whether Mr R/s 
version of a picture would satisfy one whose perception of colours 
was perfect- It seems very doubtfid if in all respects it would ; for 
it has occurred to Professor Kelland and myseli, to observe that 
colour-blind persons arranged different shades of the same colour 
according to their intensity, in a series which did not satisfy our 
eyes ; and further, that their arrangement of different colotn^, ac- 
cording to their intensities^ seemed discordant to us. Most persons, 
I imagine^ would find it very difficult to say whether a particular 
shade oi' red, ex. gr^ was as red as a particular shade of green was 
green ; but those who ai-e colour-blind find no difficulty in arranging 
these colours side by side. Tfius : let it be required, to imitate in 
colours a diagram representing the passage from white to black 
through twelve successive shades, wita the further condition that 
these shaU be alternately represented in red and green. To most 
this would seera an unpossiblcj and ^vithal^ an idle undertaking. To 
a thoroughly colour-bhnd person, on the other hand, it would be a 
matter of perfect indifference whether he had to execute the task 
with six shades of each colour^ or with any other relative number of 
them. The shade is every-thing t<j hini^ tlie colour nothing ; whilst 
to a nonnal eye colour and shade are so inseparable, that those who 
are free from colour-blindness would probably never speak of the 
greenness of a green as equal to the redness of a red. The case 
wliich follows will further illustrate these remarks. 

Case X. — Mr N. of Torquay, like Mr E., thinks his colcmr- 
blindness of advantage to him when engaged as an amateur artist 
His case, which is a very interesting one, I give entire in his own 
words: — 

'^ I have myself a distinct perception of tlie whole spec tram, with the excep- 
tion of the rm aad grsen, which seem to be a very aear repetition of the same 
colours — the difference between them being to toy eye nineh more maTked by 
some accidental variation of tone rather than of tint ; which to others ig fre- 
quently Imperceptible. The flowers of a fuchsia, the berries of monntain mh, 
and holly, are scarcely distinguishable to me excepting by their tone or form, 

"In crayon-drawing I beUeve I have^ iij eouHequence of thia defect, & more 
just appreciation of liglit and shadow, and the value of chfai^o^scuro in compo- 
iition, than those who rely upon the effect of colour, in regard to^the two 
tints, to the force of which I am mBcnsible ; for instance, although by preference 
confining myself to greys and neutrals, I have s<jme times attempted a coloured 
landscape, relying upon a friend to select the appropriate crayons in regard to 
tint, whilst 1 exercised my own judgment In regard to tone ; if, as has often 
been done for experimentj what othera call a red crayon, is given to me whilst 



DB G. W1I,80N ON COLOL'K-BLIKDNESS. 



29 



^ 



executing the foliage of a treej provided it suited my ideas of dejttii, \ have never 
distill guts I led the differenoe, and have now some drawings with, I am told, 
bright red intermixed in the foliage j and in ooe instance a sea-piece has li^kt 

fink crests to the waves. 1 selected these myself, the assorted crayons liaving 
ecoine intermixed. 

" 1 am not entirdy insensible to the difference of theae eoloure, but they ap- 
pear to be infinitely less distinct than what others call merely varying sfiadea 
of the same colour. 

'* I can distinguish smrl^t better than any other shade of red, but the broken 
colours., as olivoj or any approa^ih to brown, chocolate, etc., and the distinction 
which others recogmse between warn^and cold colours, I am quite insensible 
to. Pale gi-een and pink appear to be but slightly different shades of the same 
colour, as also crimson and aark green. 

** By candislitjht I have a much more vivid appreciation of the difference be- 
tween these colours — it is then quite an enjojiueut to look at a fucliwia, or any 
other crimson flowers which by day had been lost amongst the leaves. But 
scarlet is not then ao vivid as by sunlight^ and, unless the light is very strong, 
scarlet appears nearly black, tinicli darker tka^i crimson. Yellow and blue are 
very vivid and distinct by daylight, but hy eandleliglit the former becomes 
pale, and the latter nearly rt^sembles green, which also then becomes mucb 
bluer. The distinction between blue and green by artificial light is indeed no 
gnmter than between red and green hy nun Ugh t, 

" A deficiency of daylight also makes scarlet resemble black, the flowers of 
a geranium which in sunshine appear mmh llghUr than the leaves, after sunset 
appt^ar of a velvetty dark glosa^ much darker than the leaves, I remember 
once having been ouL with fox-hounds unusUHlly latcs but when it was still 
light enough to ride across the country witli safety, I could not in the least dis- 
tinguish between a scarlet and a black coiitj even when quite close to them, 

" Whatever tliis defect arises from, it certainly is not caused by an in^mihility 
to the stjvcnj ctdoursj and their component |jarta — ^for instauc<5, in the case of 
green, I have a very vivid and distinct perception both of yellow and blue, and 
after the eye has become impressed with either of these, gr^en seems to assume 
the opposite tint. I was mueh struck with this last spring on looking for some 
time upon some peculiarly brilliant double gorae, and then turning the eye to 
ihe green lawn, the blooms were most distinctly painted in him upon the grass, 
remaining for many seconds until the optic nerve resumed its power. It would 
be curious to ascertain what the effect would be upon a red ground. 

" Several *>ther members of my family iiave the satne defect. I recollect the 

late Lord V joking his wife for wearing a »carkt dress. She assured him 

it was bright preen ; and on comparing notes with him, 1 found that our defect 
of vision was precisely the same, although ho bad been scarcely aware of it 
till that time. 

*' My brother, when a child, once picked up a red-hot coal, asking ' what 
that funny green t hi ug was?' The defect in his case has continued through 
life. My other two brothers have a very distinct appreciation of these colours, 
and no female member of our family has had the slightest trace of this defect, 
neither J as you observe, have I ever inet with a, female who was thus affeeted, 
" I have ^troubled you with these detnibj of which yon may make any use 

that ' - --^ '-'-- ^- -" " ™ — -"— "■■*'•-' ^ u.:^^ ..... 

sona 

C^rgillSeld, , , „ , ^ ^... , ^ . . . 

tibove particulars. I would myself on no consideration undertake to distinguish 
the ordinary signals used on railways, and have frequently remarked, before 
reading your letter, that this was a very likely source of aceiJ^:•nts. 
*t PS. — It opens a curious field of speculation whether any two persons call the 
same colour by the same name. For instance, the sky may appear to me what 
you would call green, and the grass maj^ appear azure ; we all call these by 
their conventional names, because the aky is said by our predecesaonf to be blue, 
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and the grass green. One of my eyes hy caiidlelight has always given a yellow 
tint to paper, while to the other it is pure whit«, as it is also to both together,'*'* 

Mr N., it will be seen, exhibits colour-blindness in a very marked 
degree ; and in particular occasionally confounds scarlet with black, 
L e.j is absolutely blind to scarlet, which affects his eye, as the ab- 
sence of all colour does a normal eye. The Duke of Bedford is well 
known to have the same difficulty as Mr N. in distinguishing be- 
tween the colours of the coats in a hunting-field; Major H., a 
cavalry officer, tells me that he is ih the same predicament, unless the 
riders are close at hand ; and if others of my sufferers from colour- 
blindness were fox-hunters, they would certainly be equally puzzled. 

The distinction between red and green becomes, to a considerable 
extent, recognisable by Mr N. when they are seen by artificial light. 
Among the cases already given, Dr E. agrees with this gentleman 
in finding the contrast between the colours of flowers and of their 
leaves much more marked by artificial light than by daylight ; and 
cases which follow illustrate the same thing. The partial disappear- 
ance or diminution of daylight-colour-blindness, under the influence 
of gas or lamplight, is a fact of much practical importance in re- 
ference to the use of coloured signals, as I shall have occasion here- 
after to show. 

Mr Amyot, of Diss, Norfolk, has favoured me with the particulars 
of two cases well known to him. I select the more important of the 
two. 

Case XI. — Mr T. writes as follows : — 

" My eyes are grey, and as far as strength of vision and clear definition both 
of distant and near objects are concerned, I have nothing to complain of; in- 
deedy in both respects, I consider myself better off than my neighbours ; neither 
do I think that I jshould easily mistake a green for a red, or a red for a green ; 
but if the distant perception of scarlet (or red of that nature) is a necessary 
qualification for an engine-driver in the conduct of a train, I shall be careful, 
* come what come may,' never to oflFer myself in that capacity to a railway 
company. A few instances of my difficulties of vision will perhaps serve to 
give you an idea of its peculiarities. At a distance of about sixty yards it would 
puzzle me to distinguish the colour of a soldier's coat, although the general 
outline of the figure would enable me to pronounce upon its being that of a 
soldier. 

" Two yeare since there was a remarkably fine scarlet anemone in a flower- 
bed five yards from my dining-room window. It was several times remarked 
by visitors on account of its brilliancy. It took me always some time to dis- 
cover it (although I knew its position) ; my eye resting upon every other colour 
in the bed before fixing on it. When at last I found it, 1 could distinguish its 
colour indeed, but its outline seemed ill-defined, like that of a blot of red ink 
upon unsized paper. 

" My attention has often been called to the beauty of hawthorn trees in 
full berry, but unless close to them I perceived no red, and even when near 
enough to see the individual berries, they appear to m.e for the first few 
seconds rather black than red, and only gradually assume their red hue ; and 
fields full of scarlet poppies continually escape my notice. I am fond of these 
colours, however, and at the distance of a few feet can see them well enough. 
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and I believe wlien seen by a transmitted L'gbt (as in & druggiat^s window), 
they wonld strike me when far furthi?!" removed^ than if the light were merely 
reflected. 

" With regard to other colours, my eye is certainly not very sensitive ; aa 
very dark green, brown^ blue, claret, or black cloth a, aet'in to be cut from the 
same piece, and the ehroniatio faults of £b bad object-glasa to a micrOBcope^ do 
not easilj excite my atttuHon/* 

Mr T* is a striking example of colour-blindness^ not in so severe a 
form as to abolish altogether the perception of the difference between 
red and gi'eeti ; bnt such as to render the distinction iin perceptible 
when these colours ai^e removed to the distiince of a very few feet 
iroQi the eye ; he plainly would be a most perilous engine-driver* 
In his case also there is an occasional conftision of scajdet with 
blacky implying a very feeble sensibility of the retina to red* His 
remark on his indifference to the chromatic faults of a lens, suggests 
the possibihty of colour-blindness proving an advantage to its pos- 
sessor, in so far as the use of optical instruments is concerned i- 

We ai'e at great pains and cost to construct achromatic micro- 
scopes and telescopes ; but if we could make the retina acliromatic, 
we might, for many purposes, dispense with complex lenses to cor- 
rect the chromatic aberration of light. Perfectly colour-biind per- 
sons may yet find themselves in detnand as microscopic and telescopic 
obser^^erSj and the highest anthoritics in their respective departments^ 
so far as form is coucei-ned. 

Case XII.— For tlie following casoj occurring in a peer high in 
her Majest/s naval service, I am indebted to Lord Radstock. 

Admiral — , after referring to the comparative finequency of 

colour-blindness in members of the peerage, continues : — 

** A younger brother of mine* long since dead, was fond of drawing, yet once 
ho painted a red tree in a landacapej without being aware that he had done so. 
I myself, though fond of drawing, never attempted to colour, as 1 should have 
dane the same, unless the cake of colour had been properly marked, I find 
that it is not that 1 do not see a diatinctiou between two colours when placed 
near each other, as in patterns or bales of cloth, but 1 should hardly oistin* 
guish a red jacket hung on a tree, unless ijuite fresh from the loom. A red 
tiled bam I should not distinguish in a landscape , but from knowing tiles are 
red. The shades of green, of brown, and of red, perplex me most. Briglit 
scarlet is unmlstakeable to me, but 1 chose a pair of green trousers once think- 
ing they were brown. Pink and light blue puzzle ine much by daylight : a 
rose, for extimpk, appears light blue to lue. Pink and light yellow are equally 
puzzling by candlelight. As for sigual-Iantems, I should knoiv the difference 
between red and green if they wei^e ahown together, btit I should he sorry if 
the safety of a trairi depended on my look-on t^ when one light alone waa ex- 
hibited » as danger or no danger. 

" As a naval officer 1 should say, that tlie colour alone of flaga can never be 
relied on as sufficient to distinguish them. I would not dispeuae with colour, 
for in particular lights it assists the eye more t.lim shape ^ especially when 
flftga do not blow oLit, or are fluttering in the breeze. But, on the other band, 
when transparent bunting, which has become worn, is seen against the light, 
the dai'ker colours are often mistaken for each othi^r, and, therefore, it is essen- 
tial, and is the practice in the navy to repreaeut different colours in diffirrent 
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patleruA, bo that each tbt ia connected with & p€4:ullar sbape^ and the risk of 

mislake h lessened.'* 

A navaJ signal does not, of course^ demand such promptitude in 

diacerniiifr and ititerpretiiig it as a milwaj danger*flag; but the 
opinion of an officer who has seen colourea flag^ employed in all 
weathers is of special value in reference to the best mode of lessen- 
ing the danger on railways from the mistakes of colour-blind signal- 
men. 



Case XUI. — Professor Y. has favoured me with three letters 
containing the particulars of his case, the more important features 
of which I subjoin. He baa paid special attention to the difference 
of his colour-vision in daylight and artificial light, and the results 
are important ; — 

** Afl far," says Mr Y.^ ** aa my experience gOB^^ my defect does ni>t apply to 
shades of colours, bnt only to coloura themselves. 1 think I am pretty nearly 
convinced that I eee bine and yellow correctly. 1 can name blues and yel- 
lows at once. YeUow 1 never mistake. Blut'i 1 feel Bare I know, but purples 
are apt to appear blue to me. Red, green, and brown are my puiczleB, T have 
sketched iu sap-green thinking I was uslrig sepio. But all shades of these 
colours are not equally difficult to me. It is vrhat seem to me the duller 
shades that most trouble me. Scarlet 1 knoWj because 1 doubt not there is a 
good deal of ycUow in it. Purples (unless very red purples) annoy rae. The 
reason is, that my sense of blue is so much stronger in daylight, than of red, 
that it overcomes it. I see the blue in the mixture, while the red scarcely 
afFecta my eye^ I aay In daylight ^ because it is dififerent in candlelight. 
Flowers that appear to me (on cursory examination) blue in daylight, seem to 
me in candlelight really red, or rather purple, s. e., flowers that actually are 
BO. A scarlet flower would appear still brighter, I have always delighted in 
going into a conservatory by candlelight^ because then all the purple and red 
flowers stood out in such brilliant contrast to the green leaves. It is not bo in 
dnyhgbt. Then, though I can see them well enough if near, at a Uttle distance 
the contrast makea no impression on me. With purples in daylights, the blue 
overcomes the red i in c;indlelight-j the red either overcomes the blue, or ap- 
pears in its jiist proportion, I canijot say which. The same sort of greens 
that appL^iT blue to the gc^nerality of eyes by candlelight, also appear blue to 
me. I think 1 know no special difference in brown by day and candlelight. 
A little way back, I hiive used the expression * on cursory examination*' I 
say this^ because sometimes by an effort I can name a colour, which , unless I 
strive to realise it, I might pass over without its making a definite impression 
on me. 

^' 1 can sympathise with your friend (Dr Y/s case) who knows a rose to bq 
red, but ahv-iya sees it blue, not that I ever see a rose hlue^ but because I often 
see purples blue. Wlien blue and red are mixed, the blue is apt to kill the 
red to my eyes, and yet not &o completely, but that if a genuine good blue 
were put alongside the mixed colon i', I could tell which was which, if asJted to 
do so ; but if not asked, the difference Tvonld not strike me. 

" Witli greens I have much less difficulty than with reds. I know a yellow 
green from a blue green. 1 can distinguish aU the gradations. I see the 
brightness of the grass and young leaves. Young boxwood is a beautiful 
bright greeo. As I write, I can see young boxwood and scarlet poppies from 
the Window. At the distance they appear equaUy bright and not very disai- 
Near at hand something would tell n^e that scarlet is scarlet.^' 
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I have had several interviews with Prof. Y, His eyes are 
greenish grey^ and quite healthy. He is long-slghtedj and a very 
accurate observer with trigonometrical instrumentSp His case is a 
characteristic, though not extreme one, and is specially interests 
ing as showuig that au eye blind to red in certain circumstances by 
day, perceives that colour distinctly by artificial light* 

In addition to those cases, I may briefly refer to some of the par- 
ticulars connected w^th others occurring in males, which have come 
under my notice, but do not call for full discussion* 

The following letter from Dr S- speaks for itself: — 

" HaTing Beeu only a abort quotation from your letter in the ' Athenaeum,' 
I am exceedingly glad to see your paper in the * Monthly Jouinar upon the 
subject of colour-biindDess ; forj being myself a 6\ibject of this deficiency, and 
not having met with other cases, my own statement baa been received by most 
with au incredulous sinile, an^i by many with absolute ridicule and disbelief. 
I rejoicej therefore^ tiiat the very similar caeea recorded hi your paper will 
tend strongly to throw credit on my own, concerning which I will briefly 
inform you. ^t, 23. I have knosva of the defect some ten years, and dis- 
covered it by mia takes when entrusted with corn missions for coloured pur- 
chaaea. I have been « sacceBsful draughtsman and sketcber from nature?, but 
an ufling water-colours (when not marked with the name) 1 have e^en painted 
trees reil. After frequent appeals in the laboratory revealing my want of dis- 
cernment, having become subject to much annoyance, I formed a collection of 
all ordinary precipitates, so as hy careful observation to recognise them again 
almost to a certainty, though I dare not name their colours, which became of 
coarse a mere matter of memory. This annoyed me much, being very fond 
of chemistry, and forced me to a confeaaion during exammation in London, 
where a powder was indicated to me only by its colour. I can clearly discern 
blue and yeliow^ except in the case of light blue, which may be mb taken for 
pink, and mce versa. I am uncertain as to the action of acids on litmusj and 
cannot at a little distance distinguish red petals or berries from the leaves of 
the same plants, I can only rcaiember blue and yellow in the rainbow^ and 
am always puzzled with greens and reds, unless the latter are very bright, and 
often confound bath of these with brown, and some greens with drab* I have 
Q, digtinct perception of shades, while the colours are still unknown. Having 
often observed a railway signal light, seen from my window, 1 am convinced 
that its colours would be lost upon me, nor dare I trust to their flags. I never 
venture on the purchase of coloured articles without a companion to appeal to, 
having made mistakes almost equal to those of Dr K, (Case VI L); and though 
from theory I believe 1 understand complementary colours^ yet 1 cannot ap- 
preciate them. None of my family are so aflccted, and some of them are good 
CO tourists, but I understand that my maternal grandfather had some similar 
deficiency. And 1 am persuaded that it is not uncommon^ for the very differ- 
ent and contradictory opinions of those who professed to he judges when I 
have heen in doubt, led me at one time to become almost a sceptic as to 
whether colour is any general principle, perceptible to and nfFecthig all, and 
w-hether the perception of any given colour by dilFerent individuals be not as 
widely different as their characters and thoughts. J am now, however, con- 
vinced that such a theory must be erroneous/' 

Prof. N, (whose case has been referred to by Sir David Brewster), 
discovered bis defect wben a student of natural liistory^, by bis in- 
ability to distingni^b tlie colours of mmeralsp Blue and yellow be 
sees distinctly, btit carmine-red he confounds witb blue. Ked 
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gooseberries till recently appeared altogether blue : latterly ^* he has 
observed what he fancies red in them.*' Pink by daylight seems blue 
to hira, and by gaslight green. He is not certain that he ever saw 
red. ** I suppose," says he, " sometimes that I can distinguish red 
in some objects, but probably this is from knowing that they are 
usually of this colour : at any rate, I am quite sure that I should 
make a dangerous railway signal-man, as 1 most certainly would 
not know a red flag from a green one.'' 

Mr George Simson, the artist, tells me that he had a pupil- 
apprentice whom he released from his engagement, in consequence 
of finding him copy a brown horse in bluish green, paint the sky 
rose-colour, and roses blue. 

Mr Inglis of Hanover Street had a boy who oflFered pink and pale 
green paper as good matches, and brought his master into frequent 
trouble by binding books in wrong colours. Messrs Grieve and Co. 
had in their employment a weaver for whom the red and green 
tlu'eads in his web had to be selected by another, as he could not 
distinguish them. 

Mr E. J. Cobbett of London informs me of a carver and gilder 
known to him, whose father, as well as himself, appear to confound 
all coloure. The son, who is a good draughtsman, painted a head 
with the face muddy green, and bi\>ught to my informant a packet 
of emerald green, which he conceived to be vermilion. A brother 
of this person, an artist by profession, knew no difference, by gas- 
light, between the variously coloiu^d bottles in a druggist's window, 
and could not distinguish the red from the green signal-lamp at a 
railway station. 

Mr S. of Bishopsgate Street Without, London, has sent me the 
account of six males known to him — uncles, nephews, and cousins 
— in one family, who are markedly colour-blind. The parents of 
the yomiger parties are quite free from colour-blindness, which has 
descended to them from their maternal ancestors. They all belong 
to the Society of Friends, and their mistakes in selecting articles of 
dress have been rendered specially conspicuous by the preference 
which members of that religious body give to the least brilliant and 
most unconspicuous colours. One of their number provided him- 
self with a bottle-green coat, intending to purchase a brown one ; 
and selected for his wife, who desired a dark gown, a scarlet merino. 
Another, who is an upholsterer, piu'chased scarlet for drab, and had 
to rely upon his wife and daughters to select for him the fabrics 
needed in the course of his profession. A third, who is a farmer, 
could not tell red apples from the surrounding green leaves, except 
by their shape. All of them confound red witn green, olive with 
brown, and pink with blue, but they are veiy expert at matching 
shades of the same colour. One of the younger men, whose profes- 
sion requires him to deal much in coloured tissues, has found that 
the "only way of telling the difference between scarlet and green, 
or blue and crimson, is to take them into a room lighted with gas or 
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candles/* wlien the clistiiictiOB which was invisible by tlaylight be- 
comes apparent. Olives and browns, hosvever^ are as uiidistiuguish- 
able by one light as by another. 

My inlbmiant also mentions the case of a ininister in the Society 
of EriencU, who selected scarlet cloth as the material for a new coat. 
It is probably not an accidental thingj as I shall endeavour in an- 
other place to showj that so many of the followers of George Fox 
are colour-blind. 

The last case in a male I shall mention was communicated to me 
by the sufferer (as he may with special emphasis be called) himself. 
He is a tailor's foreman j and was unaware of his defect till four 
years agOj when he was promoted to his present post^ and for the 
first time had to match colours for the journeymen* He was soon 
involved in grievous difficidties. The scarlet bacJc of a Uvery waist- 
coat was provided with green strings to maUh. A iniddy brown was 
put side by side with a dark green, A purchaser was informed 
that a red and bkte stripe on a piece of trouser-cloth was all blue i 
and in general greens were contbunded with reds and browns, and 
crimson with blue. He sent me examples of his " matcbeSj" which 
display a coloor-bUndness of the extremest kind ; and yet be had 
not been aware of it for years, though working at a calling con- 
stantly concerned \nth colour. These " matches'* were accompanied 
by a letter, in which he says :~ 

" Perhaps you will be able to diacover wheie the fault lies, and to give roe 
sonae advica in the matter- This I cannot expect grata (ton sly ^ but sball be 
happy to forward any reasonable charge, and at ihe same time feel greatly 
indebted to yoti^ for if I do not improve 1 must certainly go out of the busi- 



He adds that he keeps his present place in consequence of his ex- 
cellence as a cutter \ so that he is another example of a good eye for 
form and outline accompanying bhndncss to colour. 

Cme^ of Chrofmito-FseudopstB in Healthy Females. 

So fai' as 1 am aware no case of ct>lour-blindness in females has 
l>een described in detail- Previous writers on this affection have , 
drawn attention to its rarity among womeuj and my own experience 
is exactly to the same effect ; although for reasons ah-eatly given, it 
probably appears more rare than it is, and chiefly because the value 
set by women upon a nice appreciation of colourSj makes them re- 
luctant to confess that they are not quick or accurate in judging of 
them, But^ on the other hand, the high standard of colour which 
females acknowledgCj enables them more readily than males to detect 
shortcomings fi'om it ; and those who do not come up to itj should 
at once be discovered by their more fortunate sisters. Yet though 
1 have made inquiry in many qnarterSj"! }iave not m nine months 
lieard of more than six casesj and I have only had the opportunity 
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of examimng one. I was cmsnallj jtifbnne«i by a per^n who hud 
lieen a silk mercer^ that he wsl% convinced that in certain of the 
country districts of England, where he had been engaged in business^ 
the peasant women were frequently at fault with colours, and that 
he had deliberately given thein one coloufj when asked for anotber, 
to test the matter, and no complaint was made. He added, how- 
ever, that women of the better clasa^ wbo were conscious of any 
defect in appreciating colours, were careful to brin^ a friend with 
them when making purchases, and thereby c?scaped detection. 

Induced by these statements, 1 have made inquiry among the ailk 
mercers, frinee makers, and other parties in Edinburgh, who sell 
coloured goo<fi, but neither from their castomers nor from their fern ale 
attendants, have they been able to furnish me with a single case of 
colour- bhndness, although they are quite accitstomed to find youngJ' 
girls much less perfect at matching shades when they first attempt! 
this than they afterwards become* From all these facts the general 
inference may be drawn^ that colour-bhndncss is much less frequent 
among feinales than males ; and the certainty of this is put beyond 
doubt by the fact, that even in iamilies where several of the males are J 
colour-blind, the females generally are normal in vision. Mr D/s" 
family is the only exception to this among the cases I have reported. 
One sister of his, as well as his father and two brothers, were colom*- 
blind ; and that sister's son is so also. On the other hand, the Eev, 
Mr E.J whose case was communicatGd to me by Mr Amyot of Diss, 
has a brother and two uncles colour-blind as well as himself, but Ids 
sister has a perfect sense of colour^ Mr N, had a brother and a cousin 
as defective in colour-vision as himself, but his sister has no such 
defect. The cases I'eferred to by ^Ir S., as occurring in members j 
of the Society of Friends, embrace two brothers, two uncles, and 
two cousins, sdl males, but none of their female relations have any- 
thing abnormal in their vision of coloun The Countess of D. in* 
herited colour-blindness from her father, and her son and two nephews 
are subjects of the same afteetion, but her daughters eye is remark- 
ably sensitive and correct for colours. It has been shrewdly observed^ 
accordingly^ by an intelligent lady, that women would ccEieris pari- 
bus make safer signallers and signal observers than men, a sugges- 
tion wortli consideration- 

When colour-blindness, however, does occur in females, there is 
no reason to doubt that it exhibits the same phenomena as in males^] 
as the foUovnng cases will illustrate* 

Case XIV. — The Countess of D* has been conscious of colour- 
blindness from early youth. An account of her case was published, 
I believe, many years ago by Dr Wollastonj but I have not seen it. 
With the following particulars, I have been favoured by herself, 
through the good services of Lord Kadstock. 

Lady D.*s eye is brownish-grey ; her vision is excellent both for 
near and distant things- la the rainbow, she sees only yellow, aud 
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1h all objects it is the colanr which she pronoances on with most 
confidence. Blue she sees clearly^ biit some shades of lilac seem 
blue: Rett, green, blackj browia, and lilac^ she does not venture to 
natne confidently^ and m-eens and drabs are the same colour. 
Mountain ash or holly beiries are midistinguishable from tboitf 
foliage^ In sorting worsteds, she can place no confidence in herself 
In choosing, and all the iujhi^st shades of colour are hable to be 
completely mi^ed up. Mistakes such as have been refen^ to are 
daily made- 
Lady D* fiirther mentions, that the colours of nature abound in 
richness to her senses, an<l the resemblance of pictui^ss and draw- 
ings to nature is equally and sensitively appreciated. But she qua- 
lifies this in a later communication, by stating that *^ tlie yellow 
tints now (October) seen on the trees appear to me exactly the 
same as those of their spring shades ; indeed^ I cannot conceive the 
possibihty of any one seeing them to bo different." As the terms 
i/ellotD may here be held to inclade all the autumn tints of the leaves^ 
and therefore various shades of orange^ red, russet, and brown, and as 
these to a greater or less degree seem identical with the yellow- 
green and the bright green of the spring leaf-tints, there must he a 
marked colour- bhndness in the eye wliich identifies them. 

Lady D.*a father and one of her sons have the same peculiarity 
of vision, and two nephews possess it at least to the extent of con- 
fusing red with green, but her daughter, as already mentioned, is 
totally free from colour-blindness* 

Case XV. — The following case was communicated to me bv 
Mr H- J. Monlcj who received the account from the party concerned- 
She writes as follows :— 

*^1 do not know how to espresa myself well regarding the loss I am at to 
distinguish colours^ as I hardly understand k>yu U is myself, but I will try to dci 
to as clearly au I can. TJvere are inmiy colours the shades of wJiicli I contound ; 
these are blue, lilaCj pink, and purple, and if the various shades of these colours 
were pnt before me, and mixed together, I should be (luite confused, and could 
not tell to which each belongs, although / me that thi^y are diiferent. In 
the same way 1 confound green, brown, aad some of the shades of orange. In 
ehort, wer*! I to tell the nanje of any coloui- correctly, it would be merely guess- 
work. I can enjoy the beauties of nature, and the varied huea of the trees, 
etc. ; but tliat there is smne defect in ray Tisjon I am finite aware. Of this, 
also, I am certain, 1 can do nothing (or as yet have not been able) to improve it," 



This is a well marked case, and from the confusion of green with 
brown, and purple with blue, it is likely that the writer confounds 
red with green. It might seem^ from one ])assage, as if she smo the 
different colonrsj and only had a difficulty with their naijus^ but Mr 
Moule incidentally inforais me that^ when engjaged with colomred 
worsted work, she always haf^ the skeins marked^ wliicK shows that 
the fUfficnltv is a Real not a Nominal one. 
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Case XVl. — For the next case I am injebted to Mrs Freeman, 

Mallow, County Cork, 

" When a girl, I attended, for a shott time, a drawing class at Mr Charles 
Barher^s, Liverpool, who still, I belSe^ej exereises there the profession of artiet 
and drawing -nmster* I saw there a * grown yp' younjf lady, whose name i 
forget, engaged upon a large water-€olour landscape, and soon found, with 
much surprise, that she was entirely unable to judge of the effect of the differ- 
ent colours she used. The master would teJl her to mb Prussian blue^ red lake 
and yellow ochre (or some other combination of colours), hut he was obliged 
to mix these in their proper proportions. If the names stamped on each 
colour were legible, she of course used what she wm directed to use, without 
difficulty ; otherwise, fjhe reeoguised the colours hy the tuste, and I remember 
Mr Barber often cautioninj^ her against this practice, especially with regard to 
rermilion and gamboge* As to the mixed tints upon the palette she appeared 
to have no appreciation at all of their differences, otherwise than that they ap- 
peared darker and paler relatively." 

This case calls for no comment j it was probably as extreme as 
any of those recorded in males. 

The only case of colour-blindness in a female which I have had 
an opportunity of personally examining was a somewhat peculiar 
one, M» F.J a^t. 16 ; eye grey ; vision perfect j long-sighted ; is 
errand- ffirl in a finut and flower shop ; and the frequent mistakes 
wliich she made in reference to flowers^ led to her defective sense 
of colour being soon detected. She is a quiet, shy girl, slow for 
her years, but not stupid^ and she does not so much err between 
unlike colours, as come to a tolerably just conclusion regarding them 
with extreme tardiness* It was difficult to be certain of her true 
condition, from the inci-edibly scanty nomenclature of colours wliicli 
contented her* It did not include the term green (not to speak of 
purple and orange), and even after that word was suggested, and a 
number of gi-eens were shown her, she continued to call light greens 
yellows^ and dark greens hhies ; and to speak of the paler crimsons 
and pinks as yilhws. Yet when asked to assort worsteds and pieces 
of glass according to their colours, she did it upon the whole cor- 
rectly, only witli great slowness, looking long at each colour, and 
naming it hesitatingly. I came finally to the conclusion that her 
case included two features : a very slow appreciation of the difference 
between colours, and an equal difficulty in connecting the impression 
or conception of a colour with its name. She is thus rather an ex- 
ample of feeble than of false colour-\ision \ but of this her case is a 
marked one. To meet with a girl of 16, fond of reading, and intelli- 
gent, who could not tell the colour of her dress, and who, after long 
thinking and looking, was not certain whether to call a particular 
colour blue, green, or yellow, is not common ; and I find that all of 
her own sex, who are aware of her detect, regard her as a very ano- 
malous person. 

Case of CoIqui^ Blindness induced by Cerebral Injury^ 
1 have reserved for separate consideration, a peculiar and exceed- 
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iiigly interesting ease of coloiir*blindnesS| occurring as the result of 
a severe accident in the person of a surgeon at present resident in 
Edinburgli. 

Case XVU, — ili* B.^ who was introduced to me by Mr John 
Stmthers, lecturer on anatomy, studied hei'e some years ago^ and 
afterwards eng^aged in practice in Yorkshire. In November 1849, 
he had the misfortune to be thrown from his horse, and was taien 
up in a nearly insensible condition^ labouring under symptoms of 
concussion of the brain* He was contined to bed for monthsj and 
has now a rery imperfect recollection of what transph*cd during tho 
period ; but he has kindiy procured for me from his medical attend- 
ant, Mr Thorn of Dobcross, a statement of his condition whilst under 
Ids c^re. From this it appears that after rallying from the collapse 
which immediately succeeded the accident, he suffered fi-om severe 
pain in tlie head, delirium, mental excitation approaching almost to 
mania, loss of memory', and other symptoms of cerebral disturbance, 
which did not subs^ide for many months. Eventually Mr B* i^e- 

fained his health and resumed practice. He is not so robust as 
eforcj nor is he capable of so much fatigue ; neither is his power of 
mental application, nor his memory so vi^rous as it was formerly, 
but he has wonderfully recovered from the serious accident which 
befel him. One sense, however, appears to have been irremediably 
injured. On recovering sufficiently to notice distinctly objects 
around him, he found that his perception of colours wdiich was for- 
merly normal and acute, had become both weakened and perverted ; 
and it has since continued so. 

He has for the present resumed the study of medicine in Edin- 
burgh, and has allowed me to test his vision of colonic ft-eely. All 
coloured objects^ he informs me^ now seem strange to him. The 
rainbow is quite destitute of hue, appeanng as a wliite semicircle 
against the sky, or as a lunar rainbow does to most normal eyes. This 
absence of colour in the solar spectniin^ however, is largely due to 
the weakening of Mr B/s colour-vision ; for certain of the tints of 
coloured objects held near to the eye are well enough distinguished, 
especially yellow and blue. Bright shades alone arc pleasant to look 
at I dark shades appearing ^' a mass of confusion," and un comfortable 
to the eye ; red and green in all their shades are undistingnishable 
trom each other. These were Mr B,*s conclusions concerning Ids 
own case, and I found them fulty confirmed on trial. Bright blue 
and yellow he never mistook ; red and greeny I may say^ he never 
knew ; and he put aside, as incapable of definition, all the more 
mi^ed or composite colours. In short, without multiplying details, it 
may be stated, that Mr B., in consequence of the accident which betel 
him, has psissed into what is the congenital condition of the colour- 
blind. That he sustained some injury of the brain is his ow^n belieti 
and will probably be the conclusion of all medical men who read 
his case, and it points to the probability of pathological inciuiry^ 
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yet revealing to us the cerebral or nervous seat of colour-blind- 
ness.^ 

It may be worth the attention of medical men, therefore, to note 
the quality of vision in those who recover firom severe concussion of 
the brain, as compared with its condition before the injury was re- 
ceived ; and where opportunity offers to examine the retina and 
brain, microscopically and otherwise, after death. 

In Mr B.'s case the extent to which the power of the eye over 
colour has been altered, is placed beyond doubt. Whilst rormerly 
a student in Edinburgh, he was known as an excellent anatomist ; 
now he cannot distinguish an artery from a vein by its tint. He 
was previously fond of sketching in cdours, but since his accident 
he has laid it aside as a hopeless and unpleasant task. Flowers 
have lost more than half their beauty for him, and he still recalls 
the shock which he experienced on first entering his garden after 
his recovery, at finding that a favourite damask rose, had become in 
all its parts, petals, leaves, and stem of one uniform dull colour ; 
and that variegated flowers, such as carnations, had lost their char- 
acteristic tints. 

Alone of all the cases which I have recorded, he knows what he 
loses by his colour-blindness, and is even worse off in some respects 
than the totally blind ; for if they have never witnessed colours, 
they will not tnink of these as things they cannot recall ; and if 
they have known them, they can, as the seeing do in dreams, recall 
them ; it may be dimly, but yet on the whole as they are. But for 
Mr B., the colours which he saw, are not only effaced, but are re- 
placed by tints the most unlike those which they once bore. 

m. — General Conclusions concerning the Colours perceived untb most 
dijlcultyy or most liable to be confounded widi each other by the 
Colour-Blind, 

In the first section of this paper I have made some observations on 
the colours most liable to be confounded by the colomvbUnd. I pro- 
pose now to consider the subject more ftdly, with special reference to 
the conclusions deducible on this point from the cases which I have 
reported. This may be most conveniently done by making each 
colour the text for some remarks ; and first of the colours generally 
accepted as primary, viz., red, blue, and yellow. 

Confusion of Redj Blucy and Fellowy toith each other. 

The extent to which the primary colours are confounded with each 
other, varies very greatly, according to their intensities. It will suf- 

' Mr Struthers informs me that from the details commimicated by Mr Thom, 
it appears '' that there was no fracture of the skull. It was a case of severe 
concussion, followed by long continued cerebral excitement, but not of an inflam- 
matory type apparently/' 
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fice to regard them as offering themselves to tlie eye in tlie three 
modificatioiis offull colours^ dark shades and light shades. 

So for as I have obser\'ed and read, it is not chariictenstic of 
coloiir-bliiidness to conibiiiid one of the fidl primary colours with 
one or both of the others. There are persons as already noticedj 
who m^e reputed to be unconscious of every colour^ and who^ of 
necessityj see no difference between the pm-est and deepest red; blue, 
and yellow. But such parties cannot be said to confound these 
colom's with each other. They neither distinguish nor confound 
them; they simply igiiore them. 

There are persons also like Mr P. (p- 17)^ and Dr Y. (p, 2,5), 
uncertain as to all coloui^s, and therefore liable to confound those 
which are primary y\'it\i each otlier j but on consulting their cases it 
will be seen that they rarely do confound thesej and that their diffi- 
culties are between primary colours on the one hand, and seoondary 
or more complex colours on the other- Dr Bryce mistook a very 
red scai'let ibr yellow (p, 20) j but tins was at a distance, and may 
be explained by supposing that his eye being blind to red, he saw 
only the yellow in the scarlet. Professor N,, howeverj confounds 
carmine-red with blue (p, 33)^ and this appeal's an undoubted ex- 
ample of the confusion of one pure primaiy colour with another. 
Other examirlesj doubtless may oecur, out certainly few eyes are so 
iklse in their vision of col our j as to regard as similar or identical 
chromo-yellow^, cai*i nine-red, and ultramai^inc blue, when these are 
<ljsplayed, nndi luted, and undai^kenedj in white lights such as that of 
the sun, of the ignited lime-ball, or of the voltaic arc* Full blue and 
full yellow^ contrast more strongly in these cireumstances with each 
other, to colour-blind eyes, than red does ^rith either; and it is 
with blue rather than with yellow (as w^ill appear in the sequel) that 
red is liable to be confounded. 

Shades of the piimary colours are greatly more liable to confusion 
with each other by all eyes than the full colours are, Thei^ is a 
YQry marked difierence as to the point at which eyes reputed nor- 
mal cease to perceive red, blue or yellow, when these are darkened 
by the addition of black, or diluted by the addition of white- So 
far as the deeper shades are concerned, blue suffers first from dark- 
ening, and soon beconies undistinguisbable from black ; red disajv 
pears next, and yellow survives longest. To a colour-blind eye, on 
the other hand, red, which is always the least visible of the primaiy 
coloiu^s, appears first to become indistinct by darkening, then pro- 
bably blue, and finally yellow ; and all of them become sooner indis- 
tinctj L <?., after a snnJler amount of darkening, to the abnormal tliau 
to the nonnal eye, TliL^ is an important fact which has not hitherto 
been noted otherwise than incidentally, A review of the cases which 
I have published J and of those detaOe<l by others, will justify the 
conclusion that the sensitiveness to colour of a cnlour-blind eye 
suffers sooner from the withdrawal of light than tliat of a normal 
eye; and the fact is the more intemsting that perception of form in 
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mrttal darknes.'s appears to abide longest witb tbe abnoroial eye. 
Thus Mr P, statas, that he is ** very unoertaiii about any colour 
when very dark"^ (and his " very dark*' may be measured by his 
callbig oxide of chromium black (p* 17), and that he distinguishes 
^' bright and ti'ansparent colours best f yet, whilst working as an 
aniatem* photographer, he found a veiy faint light, sufficient to see 
by. Dr I . (p, 25) regards the quahty of his vision^ in reference 
to form and outline as '' first-rate" but browns, russets, maroons, 
oli vesj citrines^ and a host of others, are " anything he can guess aV* 
and purple he confounds with black. 

Mr N- is quite insensitive to olive, or anything approaching to 
brown, chocolatej etc, (P, 29)- 

Mr T* thinks himself better off than his neighbours, so far *< as 
strength of vision, and clear definition, both of near and distant ob- 

J'ects are concerned" (ji* 31), vet he states, that ^* very dark green, 
*rown, blue, claret, or black cloths, seem to be cut from the same 
piece/' 

The countess of D* cannot confidently decide between " red, green, 
blacky brown and lilac" (p, 37). 

From these cases it will be seen, that dark shades of all colours, 
compomid as well as primary, are confounded with each other by the 
subjects of Chromato-pseudopais, and that it is only the expression of 
a fact to say, that, apart from confounding colours, they become blind 
to those they can see, in partial darkness, much sooner than others 
do : or to state the tnitli otherwise, the diminution or withdrawal 
of light sooner arrests the sensitiveness of a colonr-bhnd than of a 
normal eye to colour- 
It is more characteristic of a colour-blind eye, however, to con- 
found the hght shades of the primary colours than it is to confomid 
their dark shades. When red, blue, or yellow is diluted with 
white a point is ultimately reached with every eye, at which the 
excess of uncoloured liglit accompanying the colour renders the 
retina insensitive to the impression of the latter. The light shades 
appear to disajipear to a normal eye in the reverse order of the 
dark shades, yellow being the first to become undistinguishable Irom 
white; then red; finally blue. Pale pink and pale yellow are 
undistinguishable by many eyes, not otherwise faulty in their dis- 
crimination of colours ; and Wilkie was not the only painter whom 
Ilaydon might have reproached for painting lus flesh-tints in yellow. 
Bine, on the other hand, nmst be veiy largely diluted before it be- 
comes in\4sible to normal eyes, or is liable to confusion with light 
red or yellow- To tlie cnlom-blind, again (especially to those who 
frequently mistake fiill red), pink and light blue are constant puzzles, 
and this long before they have undergone great dilution with white. 
A reference to the cases of Mr Hughes, Dr Y., Prof, N,, Mr R,, 
Admiral — — , and the six parties authenticated by Mr S. will 
ilhistrate this* Further, cases not unfrequently occur of persons 
conlbunding pink and blue, who do not, so far as they are awaL*c 
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confound atliDr colours- Of these I have given three examples (p. 
12) occurring m dyers. 

The pinks thus confounded %Yith blues include diluted crimsaus, 
L e.f red with a little blue in it, as well as dUuted reds ; and it is not 
certainly surprising that an eye which cannot distinguish pale bhie 
from pale red^ when these are placed side by side, should confound 
these when tliey are mhigled together* Bat tliere is this difference 
to be noticed between crimson and pure red, that the deeper tho 
latter the less liable is it to confusion with bhie ecjually deep, whereas 
the deeper (iu the sense of the more purple) a crmison, the more un- 
distmguishable does it become from mil blue, as will be noticed tnore 
at length further oji. 

Altogether J theuj it may W'ith great confidence be stated to be a 
marked characteristic of colour-blindness to coidbund with each other 
the light shades of the primarj^ colours, and by the term "light"' is 
not signified a mere tinge of colour, Dr Y., for examplej sees roses 
of all shades of red^ Hue (p, 25) ; and the skeins of pink and light 
blue which I have seen put side by side as matches^ were, to my own 
eye, conspicuous for their amount of contrast of coloiu:* 

In connection with this matter, 1 notice that the Countess of D, 
(p» 37), and Mr P. (p, 16), both mention of their o^wn accord, 
that pale shades of a^^ colours are peri>lexing to them; and the gene- 
ral conclusion may be drawn, that as a colour-blind eye suffers sooner 
in sensibihty to colour, from the removal or diuiinution of white 
light than a norraal eye, so it also suffers sooner from an excess of 
micoloured light. Its perception of colour is limited in the dii^ction 
both of dark and of lignt shades much more narrowly than that of a 
normal cj(^^ whilst its perception of form and outline is as acute, if 
not more so, especially when light is feeble. 

ConfuMon of Prlmari/ loith Complementary Colours — Hed with 
Green; Blue with Orangey Yellow with Purple^ 

The most important variety of colour-blindness is that which 
shows itself in the confusion of primaiy with complementary colours^ 
and especially of red with green. ISefore discussing at length the 
difficulties which attend the perception of red, I shall dispose of the 
little 1 have to say concerning the other primary colours, 

I am not aware of any case having occurred w^hei^ blue was ha- 
bitually mistaken for orange j nor have I seen any indications of a 
tendency to such a confusion among the colour-blind whom I have 
examined. 

The confusion of yellow with purple appears to be equally rare^ 
and I am not awai*e of any example of its occurrence being on re- 
cord. The gi'eat unhkelihood of its presenting itself had been brought 
so forcibly before me by Professor Kelland, m some important obser- 
vations on colom*-blindness, which will be given in tlie sequel, that 
I had ceased to look for cases, when I unexpectedly encomitered, in 
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quick succossioiij two examples of at least an approximation to the 
identification of jeUow with its complementary purple. Both oc- 
curred in the pei^ons of artillery soldiers at Leith Fort* Whilst 
testing the colour-vision of one of tliem, I showed lihn a square of 
ehrome-yellow paper^ which he at once pronounced to be purple. 
Startled bj so milooked for a reply, I said nothing, but put in his 
hands a handle of coloured tvooIsj and begged him to select the 
purple skeins. The first he selected was chrome-yellow, then he 
picked orange, pink, crimson, red-purple, and purple-bi'own, as if he 
were feeling his w^ay from yellow to pni^le, winch last^ however, he 
did not reachi He stopped at the purple-brown, and continued 
without saying a word, to retain the yellow skein in his hand as if it 
came nearest to his idea of purple, I asked him to explain what he 
understood by this colour^ but he could not give any definition of it, 
and when I showed him one by one the purple skeins, none of wlilch 
he had selected, and said these were purples^ he at once accepted 
them as sueli, and pronounced the yellow and orange to be yellows. 

This man was very neivous during his examination, and especially 
at first, but such a condition of discomposure prohably favom^s the 
manifestation of a latent weakness, and does not lessen the interest 
of his case. The firm grasp he retained of the yelIo%v skein, his long 
glances at it before he selected other colours^ his apparent content- 
ment with its place in the same bundle \iith red-purple and pnrple- 
brown, and yet his manifest perplexity as to all his colours bemg the 
same, and his dead stop and retusal to name them, coupled witli his 
ready reception of a colour the opposite of yellow as purple, are ex- 
actly tlie features of colour-blindness as I have constantly seen it in 
those who confound red with green.^ 

The other artillery soldier, on being shown a slate-col our etl paper, 

Sronounced it to be yellow, hut on this name being challenged, 
escribed the colour correctly. On asking him why he liad pre\'iously 
named it differently, he replied, that on first looking at it it had ap- 
peai'ed to liim yellow. This perhaps was simply a ease, where a 
nxed gaze on one colour brought up its complementary colour, ac- 
cording to the well-known law of such alternations. But even re^ 
gardetl as such, it is curious, for the man had done no more than 

fjlancc at the paper when he named it, whereas a normal eye must 
ook long and steadily at a colour to bring into view its complemen- 
tary I and, moreover J in this case the complementary colour alons 
was seen without a previom perception of its primaiy- 



* Above 700 fioldiers in the EdiD burgh garrison were oxamined aa to the 
quality of their vim on of colourSj hut m they were purposely left in ignoi-aDce 
of the object of the ejcamiuatioii, many of them supposed that Mr IJun, who 
assLsttsd nie^ aod myself were govemment or mjUtary iDspeutor^j and tluvt dis- 
missal from her Majesty's service might follow the discovery of any defect in 
their eyesight. We did our beat to Bet the men at their ease, but several of 
them were a good deal discojnpo&ed, and a few were somcvi^bat sulky. The 
particulars of thia examin&tion are given in another part of the paper* 
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Altogether, thereforej both of the cases detailed are probably en- 
titled tci rank as examples of a slight or incipient manifestation of a 
rare variety of colour-blindness, of which more marked cases will 
be fotmd if soiight for. 

Confusion of Red with Green^ 

The confusion of red with green, wiich first largely attracted 
attention to coloar-blindnessj extends, though not equally j to all the 
shades of both colours j and each is also liable to confusion with 
other co!ourSj so that the great majority of cases of chromato-pseu- 
dopsis group themselves xind^r red or green, or both. I shall first 
consider the confusion of these colours with each other* 

Bed^ without any tinge of yellow on the one hand, or of blue on 
the other, is for moat [lersons rather an ideal tlian a real colour^ and 
there is a veiy marked difference in the sensitiveness of eyes reputed 
normal, as to the distinction between red and crimson, red and scar- 
let, and crimson and scarlet : ' but on this point it Is needless to 
dwell at length, for all those colours are confounded with green, 
I wish, however, to noticej that as crimson by the addition of blue, 
passes insensibly into red-purple ; and scarlet by the addition of red 
into orange, it is to be understood, imless otherwise stated, that by 
crimson and scarlet are signified alivays the redder, and generally 
the reddest shades of these. 

No term includes a gi^eater number of different shades of colour 
than GRKEX, chiefly, no doubt, because nature pi^sents to us on 
every side so great a mass of green, and so many tints of it. I can- 
not, accordingly, decide what colour exactly is signified by those 
subjects of colour-blindness, who have communicated to me their 
cases in writing ; but, in general, I intend by green, a mixture of 
yellow and blue, in which a normal eye sees no excess of either. 
Very great differences occur in the judgment of different persons as 
to the preponderance of one or other of its components in a green j 
and it would be convenient to have a standard snade for this abun- 
dant and important colour, such, for example, as the green which 
is complementary to pure red, i.e.; a compound of all the blue and 
yellow in the solar spectrum. But very few are familiar with tlna 
green, and I must leave each normal-eyed reader to choose for himself 
a shade of this colour free from the least bluish or yellowish tinge. 

^ This is curiously exemplified in tlie apparent total mability of medical 
men to determine whether arterial bloo<i h scarlet or crimson. The pot?ts arid 
painters appear to have unauimoualy decided that it is crimson ; whilst the 
Spanish grandee prides himself on his blood being blue. In reality, blood 
snowg all these colours. Seen through a vein It appears bine ; drawn from it, 
it appears purple ; as it nndetgoe^ oxygenation it becomes crimson and then 
red. When coagulation commences, the yellow colour of the serum shades the 
red into scarlet, and when allowed to dry up, blood becomes brown. We should 
avoid A needless difficulty, if without affecting too great precision^ we styled 
liring arterial blood, neither orimson nor scarlet, but simply red. 
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It is scarcely necessary to particularize the cases tjn record in 
proof of the insensibility of colour-blind eyes to the ditference 
between red and green by daylight. Dr IC. and Dr Y, confound 
fuU redj scai^let, and crimson, with various shades of equally full 
and bright green. The former gentlemanj as well us Mr T, and 

Admiral , have independently referred to a red or scarlet cloak, 

coat, or jacketj as undistinguisliable by them, from a hedge or the 
leaves ot a tree* Lord V* thought a lady*s green dress scarlet, Mr 
N,'s brother picked up a red-hot coal as ^* a green thing." Lady D., 
Dr E,j and Mr Hughes, cannot tell the scarlet bemes of the moun- 
tain ash from its leaves* Dr Bryce could not distinguish a scarlet 
geranium from its foliage. Dugald Stewart made the same mistake 
with the Siberian crab. Dalton held red sealing-wax to match mth 
grass in colour. The tailor's fbi-eman referred to, proposed to sew 
green tapes to a scarlet waistcoat* Dr Y. could not see a difference 
between red and gi^en mil way signal glasses. And in addition 
to the cases described in the previous portions of this paper by me, I 
found in the Edinburgh garrison eleven soldiers^ who put side by side 
as of the same colour, full scarlet and crimson wools, ^long with fuU 
and pale greens, and who identified red with green glass. 

A question here arises, much more easily asked than answered^ — 
Do colour-blind persons of the class described^ see redj but not 
green; or green, but. not red; or do they see both, or neither? 
This question, or series of questions, will be variously answered, as, 
so far, it has been by different authorities j and probably demands a 
different answer in different cases. My own strong conviction, 
which is at variance with the opinion of some distinguished writers 
on optics, is, that red and green are both visible in favourable cir- 
cumstances to the majority of the subjects of chromato-pseu- 
dopsis. 

1 am led to this conclusion by two considerations j — 1, AH the 
colonr-blind persons whose vision I have formally tested, could in 
favourable circumstances occasionally distinguish red from green ; 
and although always uncertain as to the difference between thenij 
and easily shaken in their conclusion as to which was which, yet 
practically acted on their judgments, which were not always 
wrong. 

2,1 have stated, in reporting Mr Hughea' case (p* 19), that, 
<* When asked to select, from a number of pieces of coloured glass, 
all the specimens which were red, the majority were rightly chosen, 
bnt two or three were green ; and in the same way, when assorting 
greens, be placed a few reds among them," Stnick by this fact, I 
watched nan^owl}^ the deportment of the colour-blind soldiers in the 
Edinburgh garrison, when asked to select reds from greens, and 
with great uniformity they acted thus :— From a heap of coloured 
woiJs, each was asked to select first the red skeins, and then the 
green, no notice being taken of the selection of individual skeins till 
eight or nine had been set aside as red, and as many as green. In 
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all cases the niajority of skeins were Hghtly chosenj — five or sixj for 
example, in the so-called red bundlej were red, and two or three 

freen ; ajid vice versa in the scncalled green handle. It is impossiblej 
thinkj to avoid the eonclnsion that^ to those who acted tliuej the 
sensation of redj when felt in its full intensityj is distinct from the 
sensation of green; yet so slight was the difference to their cyes^that 
they would not un frequently^ on looking at the two bundles, transfer 
a red skein, as wrongly placed^ from the red bundle to the green j or 
the opposite ; and in no case, even when informed that certain of 
the skeins were in the wrong heap^ did they succeed in a just assort- 
ment of them. Prolonged contemplation of the colours, indeed, 
seemed in all cases to make matters w^orse j and, in general, I have 
found that the colour-blind, when informed that they have made a 
mistake in selecting hues, become increasingly uncertain concerning 
them, and give up for the time attemptLrig to distinguish between 
them. 

It thus appears that red and green are both occasionally perceived 
in daylight by those who more commonly are blind to them, and 
that tbe majority of the colour-blind cannot be defined as possessors 
of " Dichromic Vision/' in the strict sense of that term, although 
it is quite true that they are only certain regarding the two primary 
colours, blue and yellows 

In what has been stated, red and green are referred to aa seen by 
sunlight; but it is a remarkable fact, which has not hitherto been 
infficiently regarded, that, by gaslight or candlehght, the distinction 
between red and green,which to the colour-blind was so slight by day- 
light, becomes in many eases quite apparent. My attention w^as first 
directed to this matter by the statement of Mr N. (p. 29), that by 
candlelight crimson flowers, such as fuchsias, which by day had been 
lost among the leaves, stood out in contrast with the foliage, so that 
it was ^^ then quite an enjoyment to look *' at them. 

On reading this, I recalled the account given of his colour-blind* 
ness by Mr D. (p. 14); "the flowers of a scarlet geranium I 
cannot see distinctly by daylight ; but by candlelight there is a 
marked contrast between them and the leaves " 

Without any knowledge of Mr N/s statement, Prof. Y, repeated 
(p, 32) his experience in nearly similar words, adding that he 
** always delighted in going into a conservatory by candlelight, be- 
cause all the purple and red flowt^rs stood out in such brilliant con- 
trast to the green leaves ;** and he ftirther mentions that scarlet 
flowers then appear brighter than by daylight. Mr R., who prof- 
fered the account of his case^ stated that,^ — " Sometimes I can see 
some reds and greens by lamplight" (p. 27), and in illustration of 
this mentioned the very stnking factj that a baize curtain which 
he bought as green by daylight, and which was then agreeable to 
his eyes, proved excessively painfiil by lamplight, nnd turned out to 
be " a vei^ bright red " 

Dr E*, in answer to queriea^ reported his experience to be exactly 
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iimilar. Dr Y. whom^ by dajligbt, I had found to make the great- 
est mistakes between rea and greeiij by gaslight made far fewer 
blunders (p, 26)* 

Lastly, Mr S- reports one of the colour-blind persona known to 
h-im as being in the practice of resorting to a room lighted with gas 
or candlesj when he wished to tell the difference between scarlet and 
green, and crimson and blue (p. 34), 

On looking over the cases recorded by others, I observe that the 
better perception of red and green by artificial than by daylight 
has not escaped the notice of previous writers, Dal ton found that 
to some twenty colour-blind persons, including himself^ " red and 
scarlet have a more vivid and flaming appearance by candlelight 
than by daylight;" and that "in all points where we differ from 
other persons, the difference is much less by candlelight than by 
daylight." ^ ^Ir Milne of Edinburgh, also, %vhose case is described 
by Mr Combej "calls crimson blue by day, and bright red by 
candlelight." 

It thus appears that a large number of the colour-blind have dis- 
covered that i-ed, still more crimson, and to a less degree than either, 
scarlet, are distinguishable from green by ordinaiy artificial light, 
where they are not distinguishable by daylight. That both colours 
appear different, seems certain fi'om the letters I have printed, and 
I refer to these because I have had comparatively few opportunities 
of testing the colour-blind by artificial light. In Dr Y.'s case, how- 
ever, I know certainly that red or green seen alone is distinguished 
by gaslight where it is mistaken by day ; and if each colour is thus 
altered and rendered more visible by artificial light, the two, seen 
together, must contrast much more strongly when illuminated 
by it- 

I do not here enter into the explanation of the greater visibility 
of red and its complementaiy colour by candle or gas light, which, 
however, it may be remarked, is chiefly to be sought for in the dif- 
ferent quality of this from sunlight ; but tbi-ee points demand notice. 

1, The conclusion already insisted on, that red and green are 
both occasionally visible to the colour-blind who habitually con- 
found them, is greatly strengthened if vision by artificial light be 
taken into consideration as well as vision by daylight, 

2, Those who confdse red and green by daylight continue to do 
so^ though to a less degree, by artificial light, 

3, From what is stated above, it follows that, contrary to general 
belief, our present railway signals are safer, so far as liability to 
mistake by the colour-blind is concerned, by night than by day. 
But, as the cases of Mr Hughes and Dr Y. specially illustrate^ 
though safer, they are not safe. 

To complete the discussion of red and green in their relation to 
colour-blindness, two matters call for discussion from their interest in 

^ Mem. Lit and Phil. Soc, Mandiester. 1798. Pp, 40, 41* 
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connection with the physiology of tins affection of vision, and their 
importance in reference to the obseryation of colours by the colour- 
blind. 

In describing Dr Bryce*s case (p. 20)j I have referred to the 
effect of distance in rendering red invisible to him* His case is 

not peculiar, Mr D.^ Mr T.^ Dr K,^ Dr E,, Admiral , all refer 

to their ceasing to distinguish red from green when removed to a 
short distance from those colours^ altliongh they discriminate them 
close at hand. My friend Mr David Stevenson, the accomplished 
engineer of the Northern Lights, lias suggested to me that the dis- 
tant colour-blindness referred to may be only the result of ordinary 
myopia or short-sightedness. That ordinary myopia affects the vision 
©^colours as well as of form or outline is un question able, but that 
there is w^hat may be termed " chromic myopia," or a shoit-sighted- 
ness to colour, not accompanied by a con-esponding short-sightedness 
to form or outline, admits, I believe, of distinct proof. Thus, Dr 
Bryce described the cruciferous arrangement of the petals of a ver- 
bena, but mistook its colour, of which he was reluctant to speak at 
all. Prof. Y., w^ho is long-sighted, and a practised observer with 
trigonometrical instmmcnts, states, in reference to the difference 
between red and green as seen by daylight, that ^* though I can see 
them well enough if near, at a little distance the contrast makes no 
impression on me*' {p» 32). irir T. regards himself as better off 
than his neighbours, " so far as strength of vision and cleai' tlefini- 
tion both of distant and neai- objects are concerned," but he adds, 
that '^ at a distance of about sixty yards it would puzzle me to dis- 
tinguish the colour of a soldier's coat, although the general outline of 
the figure would enable me to pronoomce upon its being that of a 
soldier^* {p< 3C>). Admiral — ~ makes a similar reference to a red 
jacket and to a tiled barn (p. 31); and Drs K. and E. are equally 
foiled by red and green objects when removed to a comparatively 
short distance from them, 

Yrom. these vohuiteered statements of sufferers from colour-blind- 
ness, I di-ew the inference that the perception of fonu and outline 
remains with their eyes after that of red and gi-een, as accompany- 
ing shape, has been lost in consequence of the distance between the 
spectator and the coloured object being increased \ and, conversely, 
that on walking up to a far off red bod)', its shape is discerned before 
its colour. With ordinary myopic eyes^ the reverse I believe to be 
the case, I have appealed, to several friends, otherv^^ise normal in 
vision, who, like myself, are short-sighted, and we agree in the con- 
clusion, that a letter, figtu'e, or device, is visible to us as a shapeless 
red blot at a distance wdiich precludes us from giving any opinion 
on its form. At the same time, I have laid Mr Stevenson's sugges- 
tion before the more accessible of my colour-blind acquamtances, 
with the following result : — 

Dr K. w rites thus :— 

" I have your letter relative to the suggestion that the non-per- 



m 



DR G* WILSON ON COLOUE-BLINT>NEBR. 



ception of red wa» occasioned by ordinary myopia* I hold tbii 
theory to be quite untenablej as many myopic ejjes are quite 
normal as to colour, I am neither annoyed by myopia nor presby- 
opia. As to ontlines of objeetg, or even niiniite details of fomi, whether 
near or at a distance, I believe my eyesight is at leaBt as acute as 
that of others; indeed, I should say in this respect^ rather more 
BOj from the circumstance that my eye has been trained to look for 
difference of form , see in it I receive little or tio aid from that of colour. 
In the case of red fmits and flowers^ I can see thc^bmi Ions before 
I can detect the colour^ and this far the simpje reason, that the 
colour of the fro it and leaves being to my ey«^ the samcj there is 
nothing to direct my eye to the point where /lie fruit is. I have 
often remarked, that persons with normal eyes^ remarked to me the 
existence of frnit on a tree at surprising distances, from the contrast 
in colour alone; but when I have walked with them towards tlie 
tree, and directed them to tell mo w^hen they distinctly saw the form 
of each fniit (be it cherry, gean, rowan, or other) j I always found 
that I could see the form fu% as soon if not sooner than they could, 
though in my case I was not aided by colour, because fruit and 
leaves were all one hue to my eye. Tliey saw a blot of red stand- 
ing out on a mass of green from a ffreat distance^ but my eye detected 
form before theirs, I have no doubt on tliis point relative to my 
ow^n case/' 

Dr E, replies, that to the best of his belief he ** can see the form 
of an object long after its colour has been lost to the eye, and to 
simplify the matter into the shape in which you properly put it, I 
could tell you whether a spot was round or square, long after I had 
ceased to recognise colour at all/* 

To test the matter ftirther^ he took a long-sighted, normal-eyed 
companion with him into a garden, on one of tlie walls of which a < 
number of crysanthemums were growing in full blossom, visible when 
first seen from the garden-gate, at a distance of some thirty yards. 
The flowers were yellow, pinkj and crimson. Those which were 
yellow he saw sooner than his campanionj bnt the red blossoms were 
imperceptible to him long after they seemed to his friend the most 
conspicuous objects on the w-all. 

Further, a fellow-physician made a series of experiments on Dr 
Ei's perception of colourj by placing wafers, and coloured papers of 
various shapes at (lifterent distances from the eye, with the result 
wliich he thus reports: — "The appreciation of forml^'as perfect 
(no matter what colour was employed)^ at any point w^ithin the range 
of vision ;" whilst so greatly dirl the appreciation of colour vary 
with the distance, that a red-purple disc, which was recognised to be I 
such close at hand, was pronounced to be green when removed to a 
distance ; and scarlet and green wafersj which w^ere regarded as 
showing shades of green or brown close to the eye, were declared to 
be green at the distance of four feet, and to he pale red at the dis- 
tance of eight. 



Mr HugheSj also, has at my request made observations on the 
relative visibility at a distancej of form and colour, as displayed in 
the Koyal Scottisli Academy's Gallery of Pictures, and reports that 
he perceives the outlines of painted objects, after he has ceased to be 
ceitain regarding their colour. In addition, a medical man, Dr S*| 
whose case I have not recorded, volunteered the statement that he 
could, tiiough at a considerable distance from them, recognise pop- 
pies among gi^en corn^ so long as they were unblown, by the marked 
shape of the drooping un expanded flower ; but as soon as the green 
calyx was shed, and the scarlet petals were exposed, he lost sight of 
them. 

I These cases might suffice j but whilst I write, a party un- 
known to me^ s]>ontaneously sends from Statham, Norwich, a letter 
on his colour-blindness, in which regai'ding what he is about to 
describe, m a peculiarity of his own case, he saj^s : — " I can discern 
red colours in general, at hand or within a few yards, but fifteen or 
twenty yards off I cannot distinguish ripe chen^ies from leaves, 
althougli when hall-ripe they were quite evident to Tne»" 

I feel assured, accordingly, that a colour-blind eye becomes insensi- 
tive to red, or doubtful regarding it, at a much shorter distance from 
a red object than a normal eye does, and ceases to perceive a difference 
between red and green long before these have become invisible to the 
perfect eye. In truth, it does not consist, so far as I know, with the 
familiar experience of those free from colour-blindness, to find that any 
distance, however gi*eat, leads to an identification of red with green; 
and although what the great anatomist Dr Barclay loved to call eame- 
rientia vulgaru is to be taken with due allowance, yet when Ave fina no 
normal -eyed person ever hinting at a teni])tation to mistake a distant 
red object for a green one, whilst a number of colour-blind persons^ 
who have had no communication with each other, are found acknow- 
ledging a prevailing temptation to do this, we cannot hesitate to 
regard them as blind to red and green at distances which only 
slightly diminish the contrast between these colours to tliose pos- 
sessed of more favoured organs of vision. In support of this conclu- 
sion, I would only further refer to two circumstances. 

\stj A very large number of persona have discovered their colour- 
blindness by failing to distinguish red flowers or fruits from their 
leaves unless very near them* 

2i/, Without imy reference to the special question under considera- 
tion, I have inquired at nearly all the subjects of chromato-pseudopsis 
known to me what colours they saw in the distant rainbow, and 
nearly all have replied that they did not see red or green, but saw 
the other prismatic bands^ op at least the yellow and blue* Mr B* 
(in whom J however, colour-blindness was induced by cerebral injury) 
sees no colours at all in the rainbow, and does not see red and green 
close to the eye* But many of those whose cases 1 have reported 
distinguish red fi-om green close at hand, yet when they gaze on a 
rainbow, at a distance from it wliich does not render them insensible 
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to two of the tliree primary coloura which it displays, cease to per- 
ceive the third pritnanTj red, and also green. 

There appears thns to be a ^^ chromic myopia" or short-sightedness 
to colour, wlijcli, so far as I am a%vare, has not hitherto been gene- 
rally recognised. 

The last point 1 have to notice m connection with the identifica- 
tion of red with green concerns the dark shades of both coloin"s* 
The addition of black to red converts it into hrown, and a similar 
addition to green changes it into oUvej although that title is more 
properly applied to a mixture of dark purple and green. The dark- 
reds and dark-greens thus generated are great puzzles to the colour- 
blind. Those who confound fnll hright-red with full biight-green are, 
I believej always equally at fault with dark-red and dark-gi*een ; and 
many who do not mistake the pure, fully illuminated colours are 
stumbled by their darker shades. The particular proof of this will 
be given in the record of the proportion of persons in the commu- 
nity who err in disciiminating colours ; but here it is important to 
notice that not only red-hrow^i (red plus black )5 but orange-brown 
(orange plus black)^ yellow-hrown (j^ellow pirn black), and russet, 
or ruddy brown (purple plus orange), appear to many eyes iden- 
tical with the darker shades of green, Dr Brycc, Mr HugheSj and 
Dr C< illustrate this peculiarity of vision. The tailor*s foreman 
(p. 35) has sent among his matches a ruddy-browni and a deep 

green. Dr K. and Admiral both refer to mistakes in pur* 

chasing dresses, which betray the difficulty they encounter in distio- 
guishing brown from green. Mr S.. reports his six friends to be very j 
faulty in this respect, and tells of one who purchased a bottle-green' 
coat whilst intending to provide himself with a brown one. A sur- 
vey, moreover, of all the cases which I have recorded will show that 
oHve, which may be taken to represent all shades of dark-green, and 
brown in all its shades (but especially russet or red-brown) are for 
the majority of colour-blind eyes the same or very similar colours, 

I dwell upon this point, because an inability to distinguish olive 
from brown appears to be the slightest mani testation of that w^ell- 
marked colour-blindness which, wlien fully developed, ignores the 
difference between fuU red and green. This shght colour-blindness 
is of importance practically^ inasmuch as those affected by it not 
only cen found dark shades of the colours in question, but are liable 
to mistake tints originally bright when these are tarnished by time 
and exposure^ or when they are seen in twilight or dimly illuminated, 
I have referred, under Dr Bryce's case, to the importance of this 
slighter colour-blindness in reference to railway signals, and to this 
I shall recur* 

It is important, also, in reference to the physiology of colour- 
hlindnesSj especially when taken in connection with the chromic 
myopia already described* Shortened distance or increased darken- 
ing, i ff., in both cases, diminished illumination^ lessens the sensi- 
tiveness of a colour-blind eye to red and green long before it 
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annilinateB the perception of these colours by a normal eye. In thii 
we only see another illustration of that limited range of sensitiveness 
ta colour which has already been refeiTed to as an unenviable pre- 
rogative of the colour-blind organ of vision. A slight excess of liglit 
is sufficient to paralyse or exhaust its sensitiveness to colour ; an 
equally slight detect of light leaves that sensitiveness unaronsed: in 
both cases colours become invisible. 

Confusion of Cnmson with Blue, 

The confiislon of crimson with blue is one of the most character- 
istic marks of colour-blindness, A reference to the great majority 
of cases recorded in this paper will show that the subjects of chro- 
mato-pseudopsis have independently of each other discovered the 
peculiarity of their vision in reference to mixtures of red and blue. 
It win suffice to refer to Dr Y-^ Prof. Y.j Prof- N., and the Coun- 
tess of D- They have also recognised that the deeper shades of 
purplcj as well as c rim son, were liable to appear blue to themj and 
have separately reached the conclusion that their eyes perceived in 
mixtures of red and blue only the blue. Prof. Y,, for instance, 
states that, " when blue and red are mixedj the blue is apt to kiU 
the red" to his eyes. 

Dalton reports of himself^ and of the persons, nearly twenty in 
number, whose colour- vision resembled his own, that crimson ap- 
peared to them blue by daylight, and of himself that blue, purple, 
pink^ and crimson seemed to him ^* all i-eferable to blue "^ 

Apart, therefore, from any hypothesis as to the cause of this 
limitation of colour-vision, it appears to be one peculiarity of the 
colonr-blind eye to be unable to discern red by daylight, if it be 
mixed with bluej and a very slight addition of the latter is sufficient 
to render the former quite invisible, so that a crimson Avhich by 
many so-called normal eyes is identified with redy by colour-blind 
eyes is identified with blu^. 

'By candlelight, as already stated, the tendency to confound red- 
purple (of which crimson is the reddest shade) with blue disappears, 
or IS greatly lessened, and the experience of a large section of the 
colour-bliTid, including Dalton and the cases which he has described, 
is embodied in the statement of Prof Y. : — ^^ Witli purples in daylight 
the blue overcomes the red; in candlelight, the red either overcomes 
the blue, or appears in its just proportion, I cannot say which." — 
P, 32. .^ 

Confusion of Red with Black : total invisibilittf of Red^ 

By far the most remarkable variety of colour-blindness, in a 
scientific point of view, is that which shows itself in the identification 
of red with black. This singular affection of the organ of vision 



^ Manchetter Memoks. 1798. Pp. 28-JlB. 
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appears to have escaped the atteution of former writers^ or to hare 
been at best incidentally noticed in one or two cases as a fact of no 
particular importance. Yet, the analogy which Sir David Brewster 
pointed out between the colour-blind eye and the organs of hearing 
of those to whom Dr Wollaston drew attention as unable, thou^a 
otherwise free fi*oin deafness^ to perceive high or shrill notes^^ a pbe- 
nomenon which has been made the subject of experiment by later 
observersj especially Chladni and Savart, might have led to the 
expectation and detection of an utter blindness to red, which is the 
obverse (though not tbe analogue) of deaihess to shrill sounds^ and 
to these alone.'' 

Attention was perhaps turned aside from this inquiry by an ob- 
servation of Dalton's. He accounted for his own colour-blindoess 
by supposing tbat the vitreous humour of his eye was blue^ and 
explained his perception of pink^ crimson, and red-purple as blue, 
by the consistent inferencCj that the red rays which such colons 
sent to his eyes were stopped or absorbed in their passage through 
the blue medium, which only transmitted rays of its own hue. But 
there was a difficulty in the way of this theory, which did not escape 
its author. ** AVhat seemed/' observes he, " to make against this 
opinion, however, was, that I thought red bodies, such as vermilion, 
should appeal' black to me, which was contrary to fact "^ He then 
proceeds to explain how he disposed of this difficultyj in a passage 
which need not be discussed, since it was asceitaiued after Dalton's 
death that the vitreous humour of his eye was not blue ; and, ftu*- 
ther, singular as it may appear, he did confoimd (as will presently 
be shown) certain reds (though not vermihon ) with black. Had he 
been aware of the facts which I am about to record, he would have 
regarded them as strongly corroborating the truth of his theory. As 
it was, however, his explicit declaration that he did not see red as 
black, and that he saw as long a prismatic spectrum as others, has 



probably led later observers on ehromato-pseudopsis to overlook or 
pay little attention to this form of tho affection, alth 
a blindness to colour which may be called absolute. 



Scarlet, but still more crimson, and also pure red, are invisible 
to certaiu eyes. Tiie following are the principal facts in 'connec- 
tion with this invisibility, so far as I have yet ascertained them ; — 

1- My attention was first strongly directed to the blindness of 
certain eyes to red, by Mr N. of Torquay's report of his case 
(p. 29). In his letter he mentions that "a deficiency of daylight 
makes scarlet resemble black ;" that, in evening twilight, " the 
flowers of a scarlet geranium appear of a velvetty dark gloss, 

^ On SouTidB inaudible bv certain Ears, Phil* Trans. 1820. P. 306. 

' According to tlie undulatory theory, the wave of red hgbt is slower in its 
vibratioiia than the other coloured wflves. It thus corre&ponda to the slower 
iinduIationB of soixnd, which produce low tones. Blindnese to red h^ therefore, 
analogous to deafness to orat*ej not acute fsoiinds. 

* Mera. Lit. and Phil. Soc., Man^h., 1798, R 42. 
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much darker than tbe leaves;" and that^ in the same circiani" 
stances, he ^^ could not distinguish between a scarlet and a blaci 
coat J even when quite close to them." Further^ in artificial light, 
unle&s it is very strong, ** scarlet appears nearly black." 

2. Mr T, (p. 30) describes simdar peculiarities in his case, A 

• very hrilliant scarlet anemone was with difBcuItj discovered in 
a bed of flowers, although it was one of the most conspicuous of 
them, and its position was known ; and when at last the eye caught 
it, it appeared as an ill-defined red blot. Scarlet poppies also, 
growing amidst corn, constantly eluded Mi^ T/s notice. In these 
eases, and especially the first, the flowers do not seem to have been 
seen, but it is quite possible that they were not discerned, be- 
cause they appeared green, and were confounded with the leaves, 
not because they were altogether invisible. Mr T.'s own impression, 
however, appears to be that he did not see them at all ; and he adds 
the decisive fact in reference to one object, — " unless close to ripe 
hawthorn berries I perceived no red, and even when near enough 
to see the individual bemes, they appear to me for the first few 
seconds rather black than red^ and only gradually assume their red 
hue." It woidd thus seem that Mr T/s eye very tardily responds 
to the stimulus of red light, so that a red object is first imaged on 
the retina in blackj making for a time no lumiuous or colorific im- 
pression n]>on it, and only slowly clothing itself with colour, 

3. A third example oi blindness to red occurred in ilr Hughes 
(p. 18), who firequently copied red lines in engineering draw- 
ings in black. I have since learned from this gentleman that the 
red which he is thus liable to confound with black is a rather dark 
shade of crimson. 

» Greatly struck by those cases, for which I was unpi'epared by 
what I had i-ead of colour-blindness, I now made inquiry among the 
subjects of that peculiarity of vision Avithin vaj reach as to the rela- 
tion which appeared to them to subsist between red and black. It 
soon appeared that a liability to see red as black is by no means 
^-uncommon among the colour-blind, 

H 4* Dr E,, on being applied to in reference to his experience in 
the matter, recalled the circumstance of his having written a letter, 
partly with red, partly with black ink, without being aware of the 
difference. (P. 21). 

5. Dr T, could not at first recall any occasion on which red had 
seemed black to him, but he afterwards observed that by gaslight he 
could distinguish two lettered cards to be respectively red and black, 
which appeared to him by daylight of the same colour.' 

^t ^ In describing Dr Y/a case (p. 29)j I referred to this coaftiKion aa having 
T occurred in coimection with *Hhe leatlier binding of church books," but 
I find that 1 had misunderstood niy inform ant ^ who tells me that the 
coloured olijects mistalcen, were cards elevated before the congregation in one 
of the churches of Edinburgh, with numbers referring to tunes upon thein^ 
and purposely painted in different colours to indicate which of two musio 
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In addition to those cases, I have discovered several otliers Btill 
more curioua, which I now relate, 

6. Mr James Inghs^ in the establishment of Messrs W, and K* 
Chambers J informed me of a gentleman in Edinburgh who^ on one 
occasion when walking with him, mistook flakes of dry red paint 
which had fallen on the pavement for soot* He startled his com- 
panion by looking np to the house-tops, remarking that a chirouey 
most have been on fire, 

I have had several interviews with the party in question^ whom 1 
shall call T. R. He is an educated, intelligent young man, a 
cautions and conscientious observer, and gave me eveiy lacility in 
esaminiug the peculiarities of his vision, 

I found him a strongly marked case of colour-blindness. Ho 
again and again arranged, at my request, bundles of coloured wool, 
as well as coloured papers and glasses, and the detail of one of his 
arrangemejits of w^ools will best show how strongly defined his 
colour-blindness is. 

The table below represents the third assortment of worsteds made 
at intervals by him* The wools were new, and Tverc left w^th him 
for more than a week* He revised the arrangement more than once, 
and finally sent it as the best he could make* The title of each 
bundle is the name given to it by tlie arranger, 

Beklin Wools as AaaAJNGEB by T. R, 
Med Bundle. Grem Bundle. 



3 Bcarlets. 

1 Crimson (rather dark), 

3 Reda {d^ep). 

1 Orange (cJirome)* 

1 Brown (oehfe). 

2 Greene (mtber dark), 

1 Citrine ?with excess of green). 

1 Green (dirty). 

Blu& Bundle. 

2 Blues (bright), 
2 Bluea (dark), 

1 Blue (pale)» 

1 Purple (dark)- 

2 Lilaca (1 dark and 1 light). 
1 Pink (roaa or pale crimson). 

Brown Bundh. 

1 Brown Hight ochre). 

2 Greens (light). 



1 Green {full and bright). 
1 Green (full, but bluiab), 
1 Scarlet (full and bright). 

1 Buff (light). 

2 Drabs (light), 
1 Dmb (dark). 

1 Flesh-colour (dirty or duB). 

Pink Bundle, 

1 Salmon colour, 

1 Peach blossom, 

2 Blues (light). 



Om^igg Bundle* 

1 Orangie (full and bright). 
1 Yellow (dull). 
1 Green (pale). 
1 Citrine, 



books, both in use, waa intended. Dr Y. received no assistance by dajr light as 
to which book ehoald be taken^ from the colours of the figures^ althoagh each, 
as 1 have ascertained, is about three inches long by two broad. The red figureg 
are crimson ; the others a blue-black. 
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Purpk Bundk. 
2 Crimsons (1 bluer than the other). 

Umrranged, 
1 Black. 
1 Dark Green. 



Famn Bundle. 
1 PaJe Green. 

YelloMf Bundls. 
1 Pale Yellow. 



In tbo arrangement aljove, no indications appear of a tendency 
to confound red with bkck. The whole of the reda are arranged 
among positive colours, and the majority are rightly arran|];ed ; 
whilst the solitary black wool is left unplaced, ana remains apart, 
along with a very dark green. In keeping with this exclusion of 
black from the coloured wools (which, nowever^ was the result of 
much comparison of them with each other), T, R, could with dliE- 
culty recall the fact of his having mistaken red paint for soot^ and 
he had not realized the trnth that he was liable to confound red 
witb black. Yet he spontaneously added, on being reminded by 
bis companion of the circumstances attending the mistake in ques- 
tioTij that on one occasion seeing a lady iu chnrcli well known to 
him, wearing what seemed to him ** a bhck bonnet/' he asked her 
for whom she was in mouruingj and surprised her greatly by the ques- 
tioHj ibr her bonnet was of crimson velvet He tells me that he has 
mentally made the same mistake more than once since I first saw 
him, but w^arned of his tendency to confound cx>lours, he looked at 
the appai^ently black bonnets in diflFerent lights, and satisfied him- 
self that they wei^e^ or at least might be, red- 
Still more recently, he has been discovered by Mr Liglis to be 
liable to confound red ink with black ink, and I have in my pos- 
session a card on which one word is written in crimson, and the 
other in ordinaiy ink, both of which appeared to T, R. equally 
black. The characters are large, and the colours strongly contrast to 
a normal eye, as they were intended to do by their writer. The card 
in question, which contained two memoranda tor the writer's use, 
fell accidentally in T, R's way ; but to test the matter further, Mr 
Inglis wrote an entire letter in I'ed ink, which he requested bis 
friend to copy for him. Its colom' led to no spontaneous remark on 
T, R/s part, and when a^ked how the ink pleased him, bis only 
comment was, that he thought it rather blue ; he had been unaware 
that the ink was red, 

7. This difficulry in distinguishing inks, I believoj is by no means 
rare, I have made the acquaintance of a clerk in t!ie Edinburgh 
Post-Office, who has surprised his superiors by signing his name to 
official papers in red ink* He did this unwittingly^ and his cus- 
tomary method of distinguishing red from black ink is by the dif- 
ference in their respective odoni^s, 

I know of two otner clerks in town who cannot teU red ink from 
black ink till it dries, and who also rely upon the difference in 
odour as a means of distinction between them. 

Dr Rowe, of the Royal Asylum, Morningsidc, informs me 



58 



DB G* WltSON on COLOUK-BLllfDNESa. 



that a friend of hi% a banker near London, finding himself con- 
stantlj confounding red and black ink with each other, had a bottle 
of a diflerent shajm provided for each, as a safeguard against further 
mistakes. These facts may seem trivia]| but they show bow com* 
paratively frequent blindness to red is, 

' 8, A case probably as well marked as T, R/s, occora in tlie per- 
son of a yonng clerical student in Glasgow^ whom I shall call R. 
M. T, I have been disappointed in seeing him, bat Jkir Peter 
Stevensoiij philosophical instrument maker^ Edinburgh, who knows 
him intimately, ascertained the following fact, wliich h sufficiently 
decisive in reference to his vision. 

He himself and his friends had long been aware that he was to 
some extent colour-blindj and by way of testing this^ he was asked 
by Mr Stevenson, when recently in Edinhtn-ghj to tell liim the 
colour of a web of cliildi-en's handkerchiefs hanging at a shop^door, 
distant in a straight line, about forty feet from the window where he 
was sitting- 

The handkerchiefs in question were white, with rude designs and 
letters printed on thera from copperplates in crimson ink, so that at a 
little distance they appeared pretty uniformly red* R, M. T. at once 
pronounced them to be *' black like the print of a book ; '* and as JH 
the same designs are as frequently printed in black as red, an eyd^H 
disposed to confound these colours, and more famihar with the 
former as occurring in engravingSj would be put off its guard by the 
character of the lettering and designs presented to iL I have seen 
one of the handkerchiefs, which is of a bright, foil crimson colour, 
but I do not know the peculiarities of R. M. T.'a colonr-bhndness. 
He is a student at Glasgow College^ and Professor William Thom- 
son has kindly engaged to test bis colour-vision by the prismatic 
solar spectrum, so that further information may be gi\^n in tine 
sequel concerning his case. 

9< My friend, Mr John Crombie Brown, is acquainted with a 
party S. N. (known also to Alexander Christie, Esq., ATt^S.A,)^ 
who has a fine eye for form and outline, but is markedly colour- 
blind. In early life he was apprenticed to an npliolsterer, and on 
one occasion being sent for black cloth to cover a coffin, he brought 
scarlet* 

Other cases less fuUy exarained have been reported to me by 
trustworthy parties, 

10. Dr David Skae informs me of a young medical man, formerly 
an assistant in the Morningside Asylum, wlio was frequently com- 
pelled to appeal to others to decide for him, befoi^e sealing a letter, 
which was red and which black sealing-wax- Mr Walker, the eye- 
surgeon, also knew this gentleman, and recalls the fact of his mis- 
taking red and black chswks for each other, when engaged in crayon- 
drawing. He is at present in China, but has been apphed to for 
the particulai's of his case. 

11. Mr R, S. Grieve, the large carpet-maker, George Street^ 
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Edinburgh, tells me that ho has often heard his father speak of a 
weaver in his emplojmient^ who^ besides matchmg red with green^ 
frequently matched scarlet with black, 

12. To these cases I may add that of the Countess of D^j who 
enumerates together as colom*3 she cannot cx>nfidently pronounce 
npon^ ^^red^ gi'een, hlackj brown^ and lilac '* (p. 37). 

After encountering, withant specially seeking for them, so many 
e:samples of the confusion of red with black, I thought it exceed- 
ingly unlikely that previous investigators of colour-bhndness should 
not have met with cases of it : and on seai'chingj it appeared that 
they had. 

Thus Mr Harvey has recorded the ca.se of a tailor in Plymouth 
who was otherwise colour-blindj and to whom black appeared 
*^ generally green, in particular cases crimson." A pm^plish red 
flower, the great snap-dragon {antifTkinum majus) he pronounced to 
be blacky and *^ a very good match for my f^lr Harvey's] black 
coat." His master stated, that " being desired to repair an article 
of dress that retpired black silk, he employed crimson ; and a simi- 
lar mistake occmred on two othur occasions." 

" On another occasion^ when a young gentleman's dark hlne coat 
was brought to him for immediate repair, the mother was surprised 
to find the elbow of the coat repaired with crimson " ^ In connec- 
tion with this last mistake, Jtlr Harvey quotes a case recorded by 
Dr Nichotls in the Medico-Chirurgical Transactions, where an 
officer in the navy "pm^chased a blue uniform coat and waistcoat, 
-with red breeches to match " Here probably, as was the case with 
Mr Harvey*s example^ dark blue w^as un distinguishable from black, 
and the latter would have been confoiinded with red also. 

Dr Colquhoun of Glasgow has described the case of a gardener in 
Clydesdale, who was originally a weaver, but gave up that trade, 
*^ because he confounded the red, black, green, and purple threads."^ 
It is further stated in reference to this person, that ^* he confounds 
red with lilac, rose, brown, black, w^hite, although he perceives the 
diflFerence of the light tints and dark tints;" and that "in bright 
candlelight he cannot specify the shades of violet or brown, nor 
those of black, which he takes for brown, red, green, or black." In 
other respects his case was an extreme one. 

I finally turned to Dalton's account of his own case, and that of 
his fellows, and at first it appeared that he had distinctly ascertained 
that he did not confound red with black, as I have already illustrated, 
by a quotation from his paper. Sir John Ilersehel and Sir David 
Brewster also, who both paid much attention to Dalton's case, have 
expressed their conviction that he saw as long a spectrum as others 
dio, but that the red extremity appeared to him yellow^ He should, 
of course, have seen a shorter spectrmn than others, had red ap- 

» Trans, H.aE,, voL x, 1824, pp. 255-269, 



2 Glasgow Medical JouuDal, vol 
Scientific^ Memoirs, 1846, p. 108, 



il p. 12,, 1829j quoted by Wartmann* 
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peared black to him ; and no one can avoid concurring in the con- 

elusion of the great opticians named above^ that Dalton did not 
habitunUy fail to perceive the less refrangible end of the spectmnij 
although it did not appear to him red* Hetschel, accormngly^ in 
addressing Dalton, says : — ** It is clear to me that you, and all 
others so affected, perceive m light every ray which others do. The 
retina u meiUd by every ray which reaches it.*' And again,^^M 
"It geems to me that we [the normal-eved] have threo primary^H 
sensations where you Imve only two. \Ve refer or can refer in 
imagination all colours to three^^ — yollow, red, and blue. AU other 
colours we think we perceive to be mixtures of these^ and can pro- 
duce them by actual mixtin^ of powders of these hues^ whereas we 

cannot produce these by any mixtures of others Now, 

to eyes of your kind, it seems to me that all vour tints are referable 
to two " ' A similar conviction is stated by flerschel, in his treatise 
on light in reference to the colour-blind as a class ;— " All the pris- 
matic rays have the power of exciting and aflFecting them with the 
sensation of lights and producing distinct vision, so that the defect 
arises from no insensibility of the retina to rays of any particular 
refran^bilit^,^^ ^ 

Sir David Brewster thus writes :— ^'In all those cases [of colour 
blindness] which have been carefully studied^ at least in three of 
them in which I have had the advantage of making personal obser- 
vations, namely, those of Mr Troughton, Mr Dalton, and MrListonj 
the eye is capable of seeing the whole of the prismatic spectrnm, the 
red space appearing to be yeUow, If the red space consisted of 
homogeneous or sunple red rays, we should be led to infer that the 
eyes in question were not insensible to red light, but were merely 
incapable of discriminating between the impressions of red and 
yellow light* 1 have lately shown, however, that the prismatic 
spectnnn consists of three equal and coincident spectra of red^ 
yellow J and blue hght, and consequently, that much yellow and a 
small portion of blue light exist m the red space ; — and hence it 
follows that those eyes which see only two colours, viz., yellow and 
hhi^j in the spectrum, are really iuseusible to the red light of the 
spectnnn, and see only the yellow with the small portion of blue 
with which the red is mixed. The faintness of the yellow light 
which is thus seen in the red space, confirms the opinion that tJie 
retina has not appreciated the influence of the simple red rays*"* 

A reference to Dalton's own account of the appearance which the 
eolar spectrum presented to Ms eyes, wLU show" the compatibiJity of 
those conclusions wuth what I have now to nrge, Dalton writes 
thus: — *^I found that persons in general distinguish six Hnda of 

* The quotationB are from a letter as yet mipubllshedj but which will appear 
in the forthcomiDg life of Dalton, by Dr W» C. Heniyj by whom I liave Been 
favoured with a peruml of it, 

2 Enclyc. Metrop, Article Light, p. 434, 

^ Letters on Natural Magic. 1932. P. 31. 
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colour in the solar image, namely, red^ orange^ yellow^ green^ him 
and pwple* Newton ^ indeed^ diyides the purple into indigo and 
violet; bot the difference between liim and others is merely nominal. 
To me it is quite otherwise I see only ttooj or at most three , dis^ 
tinctions. These I should call i/ellow and blue^ or yelloiv^ blue, and 
pwpU, My yellow comprehends the redy orange j yellow^ and green 
of othei*s I and my blue and purple coincide with theirs." ^ Assuredly, 
this passage appears unhesitatingly to assert, that to its writer the 
red end of the spectrum appeai'ed yellow; and the fact that Dalton 
permitted Herschel and Brewster to refer during his lifetirae to him 
as having this impression of the solar image^ seems decisive of the 
matter, especially when it is taken in connection with the fact that 
the great chemist had anticipated the possihility of red appearing 
black to him, and had decided by looking at vermilion that it did 
not so appear. It must be remembered, however, that tbere is no 
common language between the colour-blind and the colour-seeing ; 
that Dalton gave in only a silent and negative adhesion to the 
opinioDS which I have quoted ; and that venmhonj besides that it is 
not a pure red, is a colour so intense^ that although it did not appear 
black, other reds might. And that other kinds of red than vermi- 
lion did appear black to Dalton, is shoTvn by his own account* 
After the passage wliich I have quoted, as descriptive of his imprea- 
sioo of the spectrum^ he continues as follows : — " That p:irt of the 
image wliich others call red, appears to me Httle more than a shad^ 
or defect of Ug/U; after that the orange, yellowj and green seem arte 
colour, wliich descends pretty uniformly from an intense to a rare 
yellow, making what 1 should call different shades of yellow."^ 
The language here is veiy precise^ The i*ed is not spoken of as ajv 
pearing yellow, or any other positive colour; but as appearing defec- 
tively illummated or dai^k, i, t?,, more or less black ; whilst the 
orange, green, and yellow are referred to as different gradations of 
one positive colour, namely, yellow. 

It further appears that, tu looking at coloured objects, Dalton was 
not liable to confound red with yellow, as he certaiijly should have 
done if these colom^s had appeared to his eye identical Mith each 
other* Thus, under the head of orange and yellow, as seen both by 
daylight and candlelight, ho writes : — " I do not find that I differ 
materially from other persons in reference to these colours, I have 
sometimes seen persons hesitate whether a thing was white or yellow 
by candlelight, when to me there was no doubt at all,"^ And under 
red as seen by dayhght, he states, as already mention ed, that crimson 
and pink generally appeared blue, and scarlet was confounded with 

m 

' Mem. Lit. and Phil. Soc. Manchester^ 1798. P. 31, 
^ Up* ei )oc. lit 

* Ibid. p. 34. 

• By artificial light it was otherwise ; then crimson and pink became 
LjellQwish red or reiidish jellow, and red and scarlet sppeared much mors viyid 
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Moi*eover, he tella usj — *' All mmaons appear to me to consist 
chiefly of dark blue j but many of them mem to have a strong tinge 
of dark brown * I have seen ^)eGiiiiens of mmsony claret^ aod mud 
which were very nearly alike* Crinnson has a gram appearance, being 
the reverse of every showy and s])lcndid colour. Woollen yarn, 
dyed crimson^ or dark bhie is the same to me*" Again : — " The 
colour of a florid complexion appears to me that of a doll, opaque^ 
blackish blue upon a white ground. A solution of sulphate of iron 
in the tincture of jralls (that is^ dilute black ink) upon white paper, 
gives a colour much resembling that of a Horid complexion. It has 
no resemblance of tlie colour of bloodj* Again : — ^' Stockings 
spotted with blood or with dirt would scarcely be distingaishable,^ 
Lastly: — **By day some reds are the least showy imaginable; I 
should call them dark dnibs*" 

It thns appearsj that as Dalton saw the red end of the spectrum 
dark or darkisli, so certain red objects showed to his eye as dark blue, 
dark brown^ dark drab, mud-coloured^ dirt-colouredj or even like 
iok- The most famous example of colom*-blindjiesSy theretbroj should 
seem J although he did not fnlly realize the fact himself, to have been 
in certain circumstances blind to red* 

After ascertaining the points which I have mentioned, it became 
an object of much intereijt to asceitain whether any of the parties 
whose cases I have described^ would fail to perceive tlie red end of 
the spectrum as perfectly as others did, I selected Mr Hugiies^ Dr 
Y., Mr B.^ and T- lil for trial; and Prof. Kelland (to whom I 
have been under many obligations throughout this inquiiy) kintUy 
allowed me the use of the necessaiy apparatus for the production 
of the solar spectnimj and assisted in the examination^ at which 
Prof Eobert Hunt and Mr Walker the oculist were also present. 

The trials were made on March 4th 1854^ and were fewer than 
we could have wished; but the short period during which sunlight 
served uSj left us no choice but to make a rapid investigation. 

A goocl spectrum was produced on a white paper screen, and the 
gentlemen mader trial were i^qiiestedj one by one, to describe tlie 
colours which they saw in the solar iraagCj and the length to which it 
extended, 

Mr Hughes^ who mistakes red for bhick only when these occur 
in til in lines, appeared to perceive as long and as many coloured 
a spectrara as any of us did. 

Dr Y.^ whose judgments on colours are always vacillating and 
nncertain^ was indecisive in his auawersj and we did not^ as time 
pressed, make a prolonged examination of his case. 

T. R.J who is the best marked example known to me, of a strongly 
marked congenital tendency to confound red with black, was tried 
both with the spectrum of the sun, smd with that of the Hme-ball 

and superb than by day. In keeping with thtSj Dalton states, that in the prii- 
matic image of a candle-flame, " the red extremity of the image appears more 
vivid than that of the solar image/' 
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light. He appeared to see as lengthened a solar spectnim in the 
direction of the more refrangible rajs as any of us didj but at the 
less refrangible endy when asked by Prof "Kelland to tbllow his 
pencil as it was carried fiv^m the middle of the spectrum towards the 
red, and to announce whcu lie ceased to see colour, he invariably 
arrested the pointer, whilst the red still seemed to our eyes vivid and 
fulL So far as we could judge^ from aue-sis^h to one-eighth of the 
i*ed was invisible to this gentlemim. 

The lime-ball spectrum was mach fainter and less brilliant than 
that of the sun, but nearly the whole of the red was not discerned 
byT. H. 

Mr B,| it ^ill be remembered^ was congenitally perfect in his 
vision of colours, but became colour-blind after a severe accident 
which occasioned concussion of the brain, (Ante p, 59). Bright 
blue and yellow are the only colom^s which he distmctly perceives^ 
and these only close at hand ; but he is not aware of any special 
tendency to confound red with black. 

He saw a much shorter solar spectrum than any one else, the blue 
and the red ends being both truncated, and two colours onlvj yellow 
and blue^ being recognised. He was tried with the prismatic image 
in various directions, and at successive intervals, bu£ he always gave 
the same answerj pronouncing fully one-third of the red extremity 
to be undistingujshable to him from those portions of the sheet of 
paper on wduch the spectrum did not fall* A faint, stray light acci- 
dentallj cast upon the paper was plainly distinguishable to him from 
the surrounding darkish space, but the extreme red, which, to the 
eyes of Prof« Kelland, Prof Hunt, Mi' Walker, and myself, was 
very vivid, was to him invisible. When rerj nested to look at the 
solar spcctrmii through a cobalt-blue glass, which, to normal eyes, 
cuts off a portion of the red, but not the extreme red, he lost the red 
altogether. 

Tlje lime-ball spectrum, when looked at by Mr B* with the naked 
eye, was in the same way invisible at its less refrangible extremity, 
and what seemed to us a clearly defiQed red, conveyed no sensation 
of either light or colour to his eyes. 

Although the examination 1 have reported was more hurried than 
was desirable, no doubt remained on our minds, that a portion of 
the spectral red, both of the sun's light, and of that of incandescent 
lime was invisible to T. IL and to Mr B. ; and further^ that the 
missing red was not replaced by yellow or any other colour, or by a 
colourless himinous impi-ession, but so far as could he ascertained 
in a room not absolutely dark, was exchanged for black, or at least 
a deep grey. 

Altogether, then, the proof of blindness to red, as a peculiai*ity of 
the colour-blind eye, is, I think, complete, but I wish to guard 
against being supposed to refer to it as constant in those in whom it 
occurs. On the other hand, it is only occasional, and the conditions 
of its occurrence are as yet imperfectly known. The modifications 
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which Savart's researches have compelled us to make on Wollaston's 
concluMons regarding shrill deafness warn me against affirming that 
there are no circumstances in which T, R., Mr B., or others like 
thciOj would see the whole red of the spectmin. A prismatic image 
of great intensity of colour might be visible throughout its entire 
lengthj where a feebler spectrum was only partially visible ; and the 
concentration of the red rays by a lens im^ht enable them to pro- 
duce their normal impression on the most markedly colour-blind eye* 

1 have been slow to publish the results which are announced in 
this section, from their incompatibility with the conclusions of Sir 
John Herschel and Sir David Brewster, who i^egard the colour- 
blind as perceiving as long a spectrum as the normal-eyed do. It 
is not my object^ however, to affirm that to every colour-blind eye 
the spectrum is, in all circumstances, shorter than to every normal 
onej or that the same eyCj whether normal or not, always sees a 
spectrum of the same length- The opposite is as likely to be the 
truth; and it may be expected that future inquiry will show that my 
inferences are reconcdeable with those at least of the first-named 
philosopher* 

The views of Sir David Brewster on colour-blindness, as known to 
me from his " Letters ou Natural Magic/^ which 1 believed to contaiii 
his fiiUest views on the subject, are not so easily reconciled with my 
results ; forj in accordance with his beautiful doctrine of a triple 
spectrum, he urges that an eye blind to i-ed, but pei^ceptive of 
yellow and bluCj must continue to see these, and especially yellow, 
m the less refrangible end of the spectrum, and as each of the tliree- 
coloured specti'a Is equally^ long, the absence of one of the three 
(namely, the red), though it altered the colour, could not alter the 
length of the residual two-coloured image. 

Since reducing my results to writing, however, I have found a 
fuller statement of Brewster's %iews, wluch not only accords in many 
respects with the conclusions I have reached, but anticipates certain 
^ of them. Apart, accordingly, from the interesting nature of his 
speculations, it is an act of simple justice to point out wdiere 
he has anticipated me» His later views are contained in a paper 
entitled, ** Observations on Colour-blindness, or Insensibihty to the 
Impressions of Certain Colours." ^ 

After a reference to Wollaston*s observations on deafness to shrill 
notes, he proceeds :^*^ 1 have proved from numerous experiments, 
that when the retiua is rendered partially insensible by the action of 
light upon any one part of it, it first becomes insmisibh to red light; 
and hence we have a distinct reason why red-colour blindness is the 

^ PMl. Mag., August 1844, p, 1S4. This paper is referred to in the notes 
added to the translation of Wartmann'^g paper *^ Od Daltonism," in Taylor's 
Scientific Memoira for I846j by the editor of that work. Its title, however, ii 
not given, nor are the npinions of Brewster, quoted abovej noticed by the 
editor, whose i^uotations and refemncae led me to auppose that it was eiinplv a 
correction by Sir David {as in part it is) of ceilain misapprehensions of liis 
views by Prof. Wartmann, so that 1 did not consult it tiH quite recently. 
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general character of the defect under consideration ; and I am per* 
suaded that any detect of sensibility prodaced by tlie action of light, 
or by any other cause, will, If careiull}^ examined^ be found to be a 
maximum with red light. 

*^ In experiments of this kind, in which what we nia\y call artificial 
colour-blindness is produced, tlie intensity of the Ifght is always 
diminished ; but it remains to be determined by accurate observa- 
tion whether the red cud of the spectrum (for example) j when seen 
yellow by an eye defective in its judgment of colours^ is brighter or 
more obscure than it would hare been bad no such defect existed. 
I am persuaded, from many observations I have made, though I do 
not consider them as decisive of the question, that the object is seen 
more obscure, and that certain of the rays emanating from it are 
not appreciated l>y the nervous menibrane. If, on the other Imnd, 
every ray from tlie red object is efficaciousj and the only effect is the 
substitution of yellow or grmn in place of red ^ then we might expect 
that the object would appear brighter, in solar as a t/ellow sensation 
produced by a given number of red rays should be brighter than a 
red sensation produced by the same number,** ^ 

In another part of the paper this view is again referred to : — 
'* According to the doctrine of the triple spectrum, the retl space 
consists of re€ly yellow^ and bbte light, the red predominating^ and the 
6tue being extremely feeble. Now, the late Mr Trougbton, whose 
colour-blinthie^s was examined by Sir John Herschel and myselti on 
separate occasions, saw tliis red space ^ yellow. Hence, according to 
Taj ^dews, he saw a space containing much yelloic and little blue^ the 
red light being, as it werc^ absorbed, in consequence of the nervous 
memhrauc being insensible to its action. If this be the case, there 
must have been a diminution of light in the red space seen by ilr 
Troughton, and I am persuaded, from the experiments I made upon 
his eyes (he confounded with green loaves red petals which were far 
more luminous than the leaves), that this was the case ; but whether 
it was to the extent of the total defalcation of the red rays I will not 
venture to assert. But it is not necessary that it should be so ; ih& 
defective perception of red light may be accompanied loith a more acute 
perGeptiou of the other colours^ in a manner analogous to what takes 
place in the chemical spectrum, where the removal of the red rays 
produces an increased action of the rays w^bicb are left."^ 

Fi*om these important observations it will be seen that Sir David 
Brewster has satisfied himself that a normal eye loses sensibility 
sooner to red light than to that of any other colour ; that an eye defec- 
tive from any cau.se in sensibility to lights will show its defect most 
when tested by red light ; and that, in one well marked case of 
colour-blindness, red bodies appeared less luminous than others wiiich 
were in reality darker. These obseiTations are quite in accordance 
with the total insensibility of red, to which I have drawn attention 



' Or. oit. p. 100. 



Ibid. p. 130. 
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in this section, and the confusion of red petals with green leaves, to 
which the author has referred, as proving the obscurity of red to Mr 
Troughton's eyes, is so nearly universal among the colour-blind, that 
I may. thus far adduce Sir David as at one witli me in regarding red 
as appearing dark or darkish when seen by them. 

He holds, however, also, it will be seen, the remarkable opinion 
that the red light of the spectrum may appear much brighter, instead 
of much darker, to a colour-blind eye than to a normal one, in con- 
sequence of the former not perceiving the red, but instead thereof, 
yellow light of the same refrangibility, which makes a much stronger 
impression upon the retina. 

Additional observations can alone determine whether the antici- 

Eated phenomenon ever occurs. Its occurrence, however, would not 
e at variance with the appearance of red or crimson bodies as black 
to a colour-blind eye, as they do not transmit or reflect yellow rays to 
afiect the retina. It is otherwise with scarlet bodies, w^hich should 
appear as bright yellow to eyes which simply ignored red. But it is 
with green, not with yellow, that scarlet is systematically confounded 
by the colour-blind, as a review of all tlie recorded cases will fully 
demonstrate, and the green thus identified with scarlet is not a pale or 
yello\\ish green, but a full, and often dark, shade of that colour. 
Thus, Dalton compared sealing wax to one side of a laiurel leaf^ and 
a red wafer to the other, and his doctor's scarlet gown to the leaves 
of trees ; nor was his case in this respect peculiar, for the colour- 
blind are constantly found unable to distinguish tihe petals of the 
scarlet geranium from its leaves, the flowers of the wild poppy from 
the unripe com amongst which it is growing, and the holly berry 
and rowan (or mountain-ash) berry, from their foliage. Moreover, 
those who thus mistake scarlet, regard green as a darkish colour, and 
confoimd it with drab. 

From these facts, coupled with the observed invisibility of red, I 
cannot avoid inferring that a colour-blind eye does not simply ignore 
red in a compound colour, or receive no impression from it, when it 
looks at scarlet, but tliat it sees the red as black ; and I suggest that 
it is the mingled sensation of this black with the accompanying yel- 
low, that causes scarlet, and even orange, to appear a drab-Uke green. 
A similar phenomenon appears in connection with mixtures of red 
and blue. It is eminently characteristic of the colour-blind (as has 
been abundantly shown) to mistake such mixtures in all their shades 
from pink and crimson, to violet and purple, for blue. It perplexed 
me long in examining such cases to find that even the redder crim- 
sons and the paler shades of these, such as occur in the lips, and in 
the petals of the fuchsia, in the rose, and the pink, were spoken of 
by the colour-blind, in such decided terms as appearing blue to 
them, that I could not help inferring that they received the impres- 
sion of a much deeper blue than normal eyes would have obtained 
from purples, or red-blues, simply deprived of their red. 

Since, however, I have observed the total invisibility of red, I 




^ 



p 



I 



DR O. WILSON ON COLOUB-BIJKDNEBfl. 



ha^ve inferred that the colour-blind do not see a red-blue as blue 
fninus rcdj but as blue minus red jjlus blaclc i in other words, the 
red is nut merely abolished, but is replaced by blacky and the red- 
dest purple must, in such circumstances, appear a very dark b1ue< 

I am thus incHr^ed to reganl the confusion of scarlet with gret^n 
and of pui'ple with blucj as phenomena of the same nature, and de- 
pending npon the same cause as tlie confusion of red with black, 
from which thej differ only in degree, I do not, accordingly, anti- 
cipate that the colour- blind will generally bo found to see the red 
end of the solar spectrum brighter than others do^ but the reverse ; 
aJthongh it would be unwise to dogmatise on the peculiarities which 
may be found in detached cases of colour-blindness. 

I have further to mention^ that since reaching these conclusions, I 
6nd that Prof. Dove has drawn attention to certain phenomena con- 
nected with the normal vision of redj which are unportant from the 
light they throw upon the subject befoi^ us,* 

Dove ijas fi^equently observed that on leaving a picture-gallery at 
the approach of nigbt, a parting glance showed that *Hhe red colour 
had altogether disappeared, while the blue appeared in all its strength, 
AitistSj" it is added, *^ are well awaj-e of this that." This is a phe- 
Bomenon presented to the normal eye, plainly differing^ vrnly in 
degree, fi^om that observed by the fox-bunter, wlio, as alreatly men- 
tioned, in dim twilight, lost the power of distinguishing a scarlet 
Irom a black coat. 

The longer visibility of blue than of red in faint light, Dove has 
shown, may be rendered manifest by lf>oking at a stereoscopic com- 
bination, the halves of wliich are drawn in wliite on a black ground, 
through coloured glass. 

If the one eye ga^ces through a red glassj and the other through a 
hlue one, the red lines ai*e the most vivid whilst daylight is intense, 
but^ '^19 the twilight advances, the red becomes weaker and weaker; 
it tinally disappears altogetlier, and instead of the relief formed by 
tlie combination of the red and blue outlines, the blue alone is ob- 
served as projection. , < • . If two red glasses be now placed 
before the openings of the stereoscope, nothing whatever is seen \ 
ivbiie with two blue glasses [even though ten times thicker than the 
red glass], the relief appears in blue lines, and remains distinctly 
visible for a quarter of an hour longer- Thus, the tact of the earlier 
disappearance of the red rays is jdaeed beyond a doubt J* ^ 

It thus appears from the general experience of painters, and from 
the special trials of Brewster and Dove^ tliat we all become sooner 
blind to red than to other coloui-fl, so that between us and the colonr- 
blindj emphatically so-called, tlicrc is but a diflf'erence in degree, and 
they may with perfect justice insist upon applyhig also to us the 
name which we have devised for them- 

^ On the Stereo&copic Conibi nation of Colours, etc. By IL W, Duve. 
Ti-anskted in abstract by Dr J. H. T^^ndiilL Phib Ma^., Oct, 1852, p. 24K 
» Op. Cit. p* 247. 
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IV. — EXTENT TO WHICH COLOUR-BLINDNESS PREVAILS IN MALES 

AND FEMALES. 

No formal statistical inquiry embracing a considerable number of 
individuals has hitherto been instituted into the extent of colour- 
blindness among the community of any country, and the few limited 
inquiries which have been made have referred almost*entirely to 
persons of the male sex. Tlie results, however, which have been 
reached are sufficiently important to demand discussion here. 

The first who made any attempt to ascertain the number of 
colour-blind in the population was Dal ton. Besides tracing out 
among his acquaintances some twenty cases, he observes, " it is re- 
markable that, out of 25 pupils I once had, to whom I explained 
this subject, 2 were found to agree with me ; and on another simi- 
lar occasion 1."^ Adding Dal ton to his pupils, we shall have in the 
first case 3 in 26, or nearly 12 per cent, colour-blind, and in the 
second 2 in 26, or nearly 8 per cent. These are very high propor- 
tions, and the parties, according to Dalton's statement, presented 
colour-blindness in its most marked form. 

Professor Pierre Prevost is referred to by Wartmann^ as having 
estimated the colour-blind as amounting to 1 in 20, or 5 per cent., 
but it is not stated how many persons he examined, or what their 
kind of colour-blindness was. Professor Seebeck " found 5 out of 
40 youths who composed the two upper classes in a gymnasium at 
Berlin" the subjects of colour-blindness.^ The proportion here 
given is higher than Dalton's highest number, exceeding 12 per 
cent., but the degree of colour-blindness is not stated, and from See- 
beck's classification, as given by Wartmann, it is not probable that 
all the cases were so marked as those included in the English phi- 
losopher's list. 

Professor Kelland, of the University of Edinburgh, informs me, 
that among 150 students attending his mathematical classes during 
the winter session of 1852-53, he found 3 who could not dis- 
tinguish red from green. In his own words, they were " thorough 
Daltonians," and there were several less marked cases which were 
not included in the numeration. 

In the same winter I found among about 20 of my students 2 
cases (Mr P. and Mr D.), which will be seen from the record of 
them, to have been of the most marked kind. On the other hand, 
among 47 students of the Edinbiu*gh Veterinary College, only one un- 
important case occurred, of a party who confounded green with blue. 

Among the Edinburgh police, 158 of whom were examined last 
winter by my friend, Mr Finlay Dun,^ Lecturer on Materia Medica 
to the Edinburgh Veterinary College, 5 cases were encountered. 

^ Manchester Mem., 1798, p. 39. 

* Taylor's Scientific Mem., 1846, p. l7l. - ^ Op. et loc. cit. 

* To this gentleman I am under very great obligations for his willing and 
efficient assistance in collecting the statistics given in this section. 
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One of the^e cod founded full red and green, 2 confounded brown 
and dark green^ and 1 blue and green. 

Dr Rowe, of the Kojul Asylum for the Insane, Morniugsidoj 
tindlj tested the colour-vision of the male attendants in that insti- 
tiitiouj and found among 42, 5 colonr-Llmd, Of th^se, 2 were very 
decided examples of the confusion of red with green ; 1 mistook 
brown for green, and 2 blue for green -^ 

Anxious to extend the inquiry to a larger number of persons, 1 
obtamed permission fcom the commanding officers of the cavalry, 
infantry, and artillery detachments hi Edinburgh and Leith, to ex- 
amine the vision of their men, and the results obtained were, in 
several respects, important- Every facility was afforded by the 
military authorities, to whom 1 have here to express my great obli- 
gations for the service rendered nie» 

The investigation was made by daylight, in the latter part of 
October 1853 ; and as the scanty leisure accorded to a soldier in a 
short whiter day could not be hn*gely encroached upon, it was im- 
possible, though some hours \vere devoted daily by Mr Dun and 
myself J for nearly a fortnight, to the inquiry, to make other than a 
rapid examination of each individuaL Accordingly^ as I was mainly 
anxious to ascertain how far the prevalence of colour-blindness in 
the community rendei-ed the red and green signals in use on our 
railways unsafe, I confined my observations ahnost entirely to the 
difficulties attending the discrimination of I'ed from green, and brown 
from green ; mistakes between otlier cofours being noticed only 
when they prominently presented themselves ; though even then 
they were not always recorded, 

Tiie men were examined one by one ; in the fii*st place by asking 
them to name coloured papers, or the diagrams in Mr D, li. Hay's 
Nonicnclatm-e of Colours, Their catalogue of names, unless they 
had previously followed trades conversant wath colours, was in all 
cases exccechngly scanty, ineludijig in general only the terms red, 
blue, yellow, green, and brown (which last, however, was often 
wanting) ; purple being scarcely ever named, and orange, I may 
say, never* liy requesting them, however, to refer the cofours 
#*hown tliem to red, bine, or yellow, all necessity for precise terms, 
in the case of compound tints, was dispensed with, and the risk was 
avoided, of confonndhig those who could not name colours, wdth 
those who could not distinguish them. 

The majority answered promptly in reference to red, blue, and 
jelfow ; purple was generally called either blue or brown, but was 
nevertheless distinguished fmni these colours, when showij side by 
side wnth them ; orange was almost invariably called red, and there 
was great uncertainty as to the difference between green and blue. 
Those who gave reasonably intelligent answers in reference to the 

* Jt was not thought advisable to iaclutle in the exaaiination the patleata of 
the Asy^m, aa the aaiount of reliance to be placed on their answers could not 
be deteriniued. 

t 
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names of the primary and secondary colours, were dismissed without 
further inquiry ; but if any markea hesitation was shown in distin- 
guishing red from green or brown, they were asked without naming 
them to assort coloured papers, wools, and pieces of glass, and to 
place those of the same hue together. 

Proceeding in this way, 31 colour-blind persons were found among 
437 soldiers of the 4th or King's Own Infantry. Of these, 5 con- 
founded full red with full green, and 1 pink with light green ; 13 
confounded brown with green, and 12 blue mth green. 

Among 177 soldiers of the 7th Hussars, 14 were colour-blind; 

4 mistaking full red for full green, and 1 pink for light green ; 2 
brown for green, 6 blue for green, and 1 yellow for pink. 

Of the detachment of artiUen^ at Leith'f ort, 123 were examined, 

5 of whom were distinct cases of colour-blindness, and 2 were doubt- 
fill. Of these, 2 mistook full red and green, 1 brown and green, 
2 blue and green, and 2 whose cases have already been referred to 
{ante, p. 44), appeared to mistake purple and yellow. 

The list thus given errs by defect, not excess, especially in refer- 
ence to the confusion of red with green. In so rapid an inquiry as 
I was under the necessity of making, only the more prominent cases 
could be detected, and timorous, sulky, obstinate, or unwilling wit- 
nesses had frequently to be dismissed, though their cases were sus- 
picious, rather than prolong the detention of a company or troop of 
their fellow-soldiers, who were waiting to be examined man by man 
Those, however, who distinctly betrayed a tendency to confound 
red or brown with green, were very carefully examined by Mr Dun 
and myself together, and the attention of the officers present was 
directed to the mistakes made, so as to secure us against any attempt 
at deceit on the part of the men.^ 

The results obtained in Edinburgh in 1852-53 are given in the 
following table, the two doubtful cases of confusion of yellow and 
purple occurring among the artillerymen being omitted, as well as 
the one of yellow and pink among the Hussars ; whilst the case of 
pink and Ught green among the latter, and the similar case among 
the infantry, are classified along with red and green. 

Each person is put down under a single head, but it is to be ob- 
served that those who confounded red with green, also confounded 
brown with green, and were imcertain as to the difference between 
blue and green. I have no doubt, also, that several of those who 
appear only as hesitating between brown and green, were liable to 
mistake red for the latter colour. Two of the Hussars classified 
under " red and green" were brothers. None of the other parties, 
so far as I know, were relatives. 

* In one case only, I was cautioned, in his hearing, by a sergeant of his 
company, against crediting the statements of a soldier, as alike unwilling and 
unable to speak the truth ; and although a subsequent private examination led 
me to believe that he was a bona fide case of colour-blindness, the man was so 
ignorant and eccentric, that I thought it best to exclude him from my list. 
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^ It is farther of importance to notice, that altliough the ob- 
servations were made at Edinburgh, exceedingly few of the per- 
sons examined were born in that city, and very few ai^ settled 
in it. The soldiers, who form more than haJf the number referred 
to in the table, were chiefly from England and Ireland^ a few 
being fi'om Scotland and Wales, The students of the mathe- 
matical classes of the University, my own piipilsj and those of the 
Veterinary College^ are mainly gathered from tlie various districts 
of Scotland, and to a smaller extent from England, Ii^and, and 
Wales, The police ai^e recmited from all quarters, and I believe 
the same may be said of the attendants in the Morningside Asylum ; 
at all events, the most marked cases of colour-blindness among 
them, are presented by persons who have come from a diistance to 
Edinburgh. Altogether, then, the parties whose cases ai*e reported 
represent fairly, though unequally, all the sections of our popu- 
lation. 

If to the numbers given in the accompanying table, those 
obtained Iiy Da Hon, Prevost, and Seebeck, be added, the extent 
to which coloui*-blindness prevails wdll appear more markedly; 
but I omit them J because Dalton's numbers apply to 1793-1)4/ 
and the eases enumerated by the other observers are not classi- 
fied- How tar nny of the results are applicable to the entire com- 
munity, I shall not attempt to decide ; but the number of cases 
of colonr-bliuduess which have been discovered by every one who 
has sought for them, shows that the general per-centage cannot 
be very low, Onlv two of the eases (Mr P. and Mr DO enu- 
merated in the table, are described hy me in this paper; I have 
left many known to me undescribedj whilst fresh examples are con- 
tinually presenting themselves. The experience of Professor Hol- 
land, and Professor Allen Thomson, as to the comparative frequency 
of colour-blindness, has been similar; M, D*Hombre-Firmas has met 
with corresponding results in France;^ and I learn from a gentle- 
man recently returned from Germany, that Professor Dove, in some 
lectures lately delivered in Berlin on colour-blindness, referred to 
the unexpectedly large number of persons he had found subject to 
this peculiarity of vision, although experienced oculists in large 
practice had never heard of a case. 

Further : no fact is better ascertained than that colour-blindness 
clings to certain tamiliesj and is hereditary. With few exceptions, 
every one of the parties whose cases I have specially recorded in 
this paper, has near relatives as colour-blind as himself. Thus, 
Dalton had a brother, and so have Professor L. (whose case I have 
not described), Dr S.j Mr N., and Dr Y», circumstanced like them- 
selves in the matter of vision. Mr X. (whose case, however, is not 
described), introduced to me by Professor Bennett of Edinburgh, 

1 Dalton himself lived till 1044, continuing to the end of hia days as <lecidedly 
colour-blind m he was when lie first detected his peculiarity of vision. 
* Liebig and Kopp's Annual Report, 1853, p. 131* 
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las five brothers as defective in vision as himself. Mr D,*s father, 
(rotherj sister, and nephew^ are colour-blind ; the Countess of D,'s 
ather, a son, and two nephews, see colours as she does ; and 
Mr S- of London Iias^ or had, five near relatives sharing with him 
n marked coloui -blindness. It seemsj indeed, a safe estimate^ that 
ivery decided case of colom*-blindness implies tho existence of 
ioother ctisc of oi|nal or similar severity in the person of a mlative^ 
Q that the numbers 1 have given as representing the proportion of 
Solo nr- blindness in the commnnityj may fairly be doubled. 

For my own pai*t, accordingly, 1 think it probable that the number 
f persons in this country as markedly colour-blind as Daltoii was, Le.y 
given to mistake rod for green , brown for green j purple for blue^ and 
occasionally even red for black, is not less than 1 in 50 ; and includ- 
ing all kinds and degrees of colour-blindness, 1 in 20. At all events^ 
^le prevalence of tliis peculiarity of vision is certainly such as to 
pnake it an object of interest and importance to the entire community. 
In the table above, the number of colour-blmd is estimated 
on the RS8nniption that they are uniformly distributed throughout 
the community- Such an Jissmuption must be made before any 
^er-centage table of statistics can he constnicted, and for inanT^ pur- 
poses it is a useful fiction* lint after, in the case imder consicfera- 
aon, it has sei-ved the important pui-pose of showing how prevalent 
5alour*hOudness is, it must be set aside^ whilst we ask the question, 
Lot less important^ '' In what proportion are the colour-blind divided 
niongst the population t" 

Statisticians have made veiy^ few attempts to answer such a qnes- 
iouj in reference to tlie idiosyncracies or diseases which they have 
discussed and tabulated ; doubtless becauscj however important they 
nay deem such (juerieSj they have found it impossible to give replies 
*f almost any value to them- The law regulating the mode in wmch 
he ttjtally bhnd, the deaf, or tlffe like, are distributed throughout 
;he community J must he one very difficult to discover; and it may 
be questioned whether the discovery would yield a result w^orth the 
Irouble of attaining it. But in the matter of colour-blindness, con- 
Bid ered in connection w^ith the use of coloured signals on railways 
and at sea, it is scarcely more important to know^ w^hat the per- 
centage of cases iS| than it is to learn to what extent these are con- 
centrated in particular localities, and of more sparing occurrence in 
Others* The hereditary character of colonr-ljlindness, must of ne- 
cessity keep it running in certain lines of descent, and preponderat- 
ing in ceitain families. An instance of this, pertinent to the point, 
presented by the 7th Hussars, tw^o of tho most marked cases 
iamong w^hom are brothers, 

Apait, however, from relationship, as affecting the distribution 
throughout the community of the colour-blmd, it will be seen from 
the table that their allotment among the population is, as might 
have been anticipatedj apparently most capricious. And hopeless 
Its it is, in our present state of knowledgCj to resolve thia seeming 
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caprice into the rigid law which doubtless underiies it, one con- 
clusion of very great importance is plainly deducible from the cases 
recorded, namely, that whilst the average proportion of examples 
of colour-blindness is high, the extent to which these may become 
concentrated in single spots is also very remarkable. 

This will appear from the following table, in which the results 
already given are stated more fully, along with certain additional 

Particulars referring, however, solely to the confusion of red and 
rown with green.^ 



DISTRIBUTION OF THE COLOUR-BLIND AMONG 1068 PERSONS. 


Profession. 


No. of 
Individuals. 


Confound 
Red and 
Green. 


Confound 

Brown and 

Green. 


Professor Kelland's Students, 
meeting daily together for 
5^ months, 


160 


3 





Edinburgh Police on duty 
together, .... 


158 


1 


2 


Dr G. Wilson's Students, 
meeting daily together for 
5J months, 


20 


2 





4th Infantry, Edinburgh Castle. 

a. Two Companies, . 

b. Two Companies, . 

c. Two Companies, . 

d. Two Companies, . 


91 

88 

8G 

110 


] 
2 
1 
2 


1 
4 
5 
3 


Artillery, Leith Fort. 

B.. Detachment, first day, . 
b. Detachment, second day. 


•64 
69 


2 





1 


7th Hussars, PiershUl. 

a. One Troop, including 2 

Officers, . 

b. One Troop, . 

c. One Troop, . 


47 
81 
49 


2 
2 
1 


2 


a. Dalton and his Pupils on 
one occasion, . 


26 


3 





b. Dalton and other Pupils 
on a diflferent occasion, . 


26 


2 





Resident Medical Officers of a 
Public Institution, acting 
together for several years. 


3 


2 






* The wording of Dalton's statement regarding his second set of pupils in- 
cluded in the table is rather obscure. I have interpreted it as signifying that 
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In the table above (t>. 74) the same parties are not counted twice^ 
except of course J DaltoDj along with his two sets of pupils. Among 
the cavalrj and infantry solUierSj one or two officers' servants, ana 
musicians of the band, are iticlnded i and the artillerj were taken as 
tbev presented themselves on tlie two days devoted to their exami- 
nation. Upon the wholej however^ each section of persons repre- 
sents a set of individuals acting for weeksj months^ or even years 
together, as the staff of officials on a line of railwavj or the seamen 
of a shipj who are constantly using coloured signals, are called to do. 
The evils which might arise in the employment or observation of 
such signals, by bodies of men containing so many persons unable 
to distinguish the colours preferred in signallingj wdll be refeiTed to 
in the concluding section of the paper. Here I wish simply to pre- 
sent the statistics of colour-blindness apart fern any consideration 
as to the conclusions they w^arrant. 

I have no results^ It will he seen, to offer respecting the prevalence 
of colour-blindness among females. I have already stated my con- 
viction that it is rarer among them than among males, but onl}^ an 
extended inquiry can show^ the amount of the difference in tliis 
respect between the sexes. 

Opportunities do not largely offer themselves in Edinburgh for 
testing the colour-vision of an associated number of females, unless 
in the Charity Schools, where the girls nra too young, and, com- 
paratively speaking, too uneducated, to make their exauiination 
satisfoctory, I commend the mquiry to the teaehers of the Scliools 
of Design, and the di*awing-m asters of educational institutions for 
ladies, w*ho have it in their power, without putting formal queries, 
to ascertain with gi'eat precision the power of discriminating colours 
possessed by their female pupils. The surgeons, also, of the large 
cotton nulls or factories coultl, without much difficulty^ examine tlie 
bands of female w^orkers under their charge. Their age would atone 
for any defect in their education, especiaHy in those cases where 
their avocations led to their dealing v^rith colom's. 

Reverting, in conclusion , to the col our-bl indue es of maies, it is 
worth a moment's consideration how far tins peculi^irity of vision 
characterises one race of men more than another- It is, doubtless, 
more common among the civilised nations, large mmibei-s of whom 
are doomed, by that division of hibonrj which is a great source of 
their strength^ to occupations which dwarf one or more of the ex- 
ternal senses, than it is among the uncivilised races, each member 
of whom cares only to do what is " right in his own eyes/' and cul- 
tivates the powers of those eyes to tlie fullest. 

Among both the civilised and uncivilised nations, however, there 

on both the occasions he all odea to, hh pupib were 2^j or thereaboata, in 
number : if bis words do not bear this mterpietatior^, it is as proliaTjle tlmt they 
refer to a smaller as to a larger number, for he was uot over-burdened with 
studenta in his early days. 
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are doubtless great diflPerenees in original endowment, so far as the 
sense of colour is concerned : and, as may be reasonably surmised, 
there are corresponding differences in the extent to which colour- 
blindness prevails among them. Thus, those eastern and southern 
nations, who live under bright skies, among plants and animals of 
vivid and brilliant colours, exhibit — partly as a prerogative of race, 
partly and largely as an effect of such colours daily impressing them 
— a delight and skill in arranging, matching, and harmonising tints, 
such as are incompatible with colour-blindness, and imply its rare 
occurrence in those whose love of colour and command over it are 
so great. 

Ihe Chinese, the Japanese, many of the tribes of Hindostan, the 
Venetians, the Italians, the S]:)aniards, the Flemings, the inhabitants 
of Southern France, and some of the northern Teutonic and Celtic 
tribes have, as florists, painters, dyers, weavers, glass and porcelain 
makers and stainers, excelled for centuries sister-nations in the 
management of colours. Among untutored races, the Indians of the 
American continent, the African tribes, the uncivilised races of 
Central and Southern Asia, and the inhabitants of the islands in 
the Pacific Ocean, have shown by their war-paint, their crowns of 
brilliant flowers, and still more brilliant birds' feathers, their brightly 
stained skins and parti-coloured dresses, their dedication of the most 
splendid coloured objects to their gods and their chiefs, besides 
much else ; that however different their canons of taste may be, 
they are as passionate and exclusive lovers of colour, as the over- 
civilised ancient nations who allowed none but princes to wear robes 
dipped in the Tyrian dye, or to write with purple ink. 

On the other hand, the civilised nations of temperate climes^ 
where the summers are short and the winters long and gloomy, 
living under sombre skies, amidst a Fauna and Flora of pallid and 
inconspicuous, or dark and subdued tints, and surrounded by masses 
of green which satisfy, but do not excite the eye, care little for 
brilliant colours in tlieir dress or household adornments, compared 
with the inhabitants of more sunny regions ; and probably are more 
liable to colour-blindness than they. 

A similar observation may probably be made, with the deductions 
requisite in contrasting the condition of the external senses in civi- 
lised and uncivilised nations, in reference to such races as the Esqui- 
maux and Fuegians, and especially to the former, who live in regions 
bereft of vegetation during the greater portion of the year, and pre- 
senting to the eye little but the dazzling monotony of ice and snow. 
The sense of colour must, to a great extent, lie dormant in those so 
circumstanced, and become dulled through want of exercise. The 
tribes in question and others in similar latitudes seem very indifferent 
to colour, as an addition to their dress or ornaments. 

The examination of single individuals of a nation, can, of course, 
settle nothing concerning the endowments of the whole people ; but 
I may mention here, as at least interesting in itself, that through the 
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kindness of the parties themselves, who took a lieaity interest in the 
subject of colon r-bl in diiess, I havo had the opportunity of testing the 
colour-vision of Wong Fun j the Chinese student ot medicine; of 
Tijo Soga, a Caffre student of the United Presbyterian Cliurch ; 
and of the five Turco-Egyptiau gentlemen who are prosecuting 
medicine and physics in Edinburgh at present. Their appreciation 
of colour is oxcellentj and certainly superior to that of the majority 
of our own students, who have not accidentally or designedly made 
colour a special object of study* The most expert of tlieiu all was 
the young Caffi^-ej an amiable, gentle^ intelligent person j who named 
the colours shown him with great rapidity and precision j although 
his English voeubnlary of colour-names was necessarily limited, 
and matched Berlin wools and tinted papers witli a readiness and 
nnhesitatingness^ such as even practised professional colom'ista 
might euYj, 

V. — THEORIES OF C0L0UR-BLlKI>l!fE3S. 

The seat or cause of colour-blindness probably lies altogether be- 
yond our reach ; but whatever we can learn concerning ife^ is certain 
to be of sei^vice in determining the extent to which we may hope to 
cure or alleviate this affection of vision. 

Amidst many minor diversities there are but two prominent phy- 
sical theories of colour-blindness. 

The one of these refers the false perception of colours to the ckro- 
matic condUion of certain portions of the optical apparatus of the 
eye; the other to the peculiar organisation of its nervous mparatuSy 
including so much of the brain as is essential to vision. This latter 
view is now nearly universally adopted j although it is necessarily 
greatly modified in its mode of statement by the metaphysical or 
psychological views of those who embrace it. 

Chromatic Tlteorif, 

The first, or chromatic theory (as it may be named}^ of colour- 
blindness, has been proposed under one form by Dalton^ and under 
another by Brewster. Both are ingeoious and interesting specula- 
tions; after considering which I shall offer some suggestions of my 
owHj in connection witn a chromatic theory differing from either. 

Dal ton was not convinced of the peculiarity of his own vision, 
although he had suspected it before, till, as he tells us, *^ I accident- 
ally observed the colour of the flower of the geranium zonaU hj 
candlelightj in the autumn of 17t)2; The flower was pink, but it 
appeared to me almost an exact sky-blue hyday; in candlelight^ 
however, it was astonishingly changedj not having then any blue in 
itj but being what I called red, a colour which fonns a strikmg con- 
trast to blue," ^ 



1 ^landiester Mem,, 1798^ p. 20. 
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At a later period he observed *^ that a sky-blue transparent liquid 
modified the fight of a candle so as to make it similar to daylight ; 
and, of courae, restored to pink its proper colour by day, namely^ 
light blue "' From this obsci^^ation lie came to a concUision which 
he thus states : ^* It appears therefore almost beyond a doubt that 
one of the humours of my eye, and of the eyes of my fellows, is a 
eolaured medium, probably some modification of blue. I suppose it 
must be the vitreous humour ; otherwise I apprehend it might he 
discovered by inspection, which has not been done/' * 

Prevost appears to have been the only convert whom Dalton 
gained to his doctrinej during his lifetime/ and an examination of 
his eyes after deathj put an end to any prospect of his theory acquir- 
ing new supporters. Mr Ransom ej who examined Dal ton's eyes, 
states that ^* the aqueous humour of one of tliem was found to be 
perfectly pellucid and fi^e from colour. The vitreous humour and its 
envelope (the hyaloid membrane) were aho perfectly colourksfs. The 
crystalline lens was slightly amber-coloured^ as usual in persons of 
advanced sge- The tunics, retina, clioroid and sclerotic^, with their 
subdivisions presented no peculiarity,'** 

Furtlier, on looking through the humours of the other eye (after 
the posterior portion of the outer coats had been removed), *■' objects 
of different colours, both by transmitted and reflected light, were 
examined without any appreciable difference"^ Among the colours 
thus examined J Mr Ransom e particularises scarlet and green, 

This report of course disposes of Dal ton's theory so far as his own 
case ^vas held to support it ; but it is wrorth a brief consideration 
wuth a view to guiding future physiological and pathological re- 
searches, whether colour-blindness ever depends on alterations in the 
colour of the optical apparatus of the eye* 

Physiologists have not recorded as HunHiar to tbem^ the occur- 
rence of a blue colour in the transpai-eut, internal portions of the 
eye. Sir David BrewBter, indeed, says, *^ During the dissection of 
many hundred eyes, I observed in several cases that the vitreous 
humottr was of a decided greeni^h-hlne colour.'"^ In the human sub- 
jectj however, this must be rare, for Dr W. Mackenzie of Glasgow 
(Surgeon Oculist hi Scotland to the Queen ), whose experience as 
an eye-surgeon I need not eidarge upon, informs me that he has 
never witnessed this colour in the vitreous humour of the human 
eye, which in early and middle life has appeared to him " colourless, 
and in old age yellowish." As colour-blmdnessj however^ is not re- 
garded, either by its subjects or theii" medical attendants^ as a disease, 
it is not included within the province of pathologyj and in trutb, so 
far as I know, Dal ton's case is the only one on record of a post- 
mortem e^eamination of colour-blind eyes. It must stilly therefore, 

* Op. Clt p. 41. 2 Ibid* p. 43. 
^ Taylor's Scientific MenioirBj 1846, p. 182. 

* Henry'3 Life of Dalton, p. 202. ^ Op. et Loc Cit, 
« Phih Mag., August 1844, p. 137, 
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be regarded as desirable to embrace all opportunities of examining 
such cases in reference to the point before iis.^ 

Wartmann^ it is true, affirms that even if the transparent media 
of the eje were blue, colour-blindness would not be the result : " If," 
says he, *^ the passage of the luminous rays through a blue medium 
Bufficed to produce Daltonism, the habitual use of blue glasses for 
spectacles would have long ago confii^med this hypothesis^ against 
wbicli it forms on the contrary a very strong argument »*' ^ 

But this reasoning is of little value* Dalionimn^ or colour-blind- 
ness of the kind which characterised Dal ton j miglit not be induced 
by a blue vitreous humour, but colour-blindness of some kind cer- 
tainly would be- The experience of wearers of blue spectacles does 
not furnish an experimentum crucia in reference to Daltori's theory. 
These are pale in colour^ are only worn occasionally^ and are gene- 
rally, in virtue of their unavoidable distance from the orbit, and their 
form and sixe^ iuadetjuate to exclude entirely white light fi-om the 
eye* Moreover, most wearets of ordinary spectacles, peep at short 
intervals over and under them, and then receive the impression of 
uncoloured light, so that their congenital and acquired peiTeption of 
hues can only be slightly and transiently disturbed by the coloured 
media through which they occasionalli/ gaze. But if any one will 
make the experiment of covering the eyes with a sheet of deep red, 
or green, or blue glass, so pressed to the face as to prevent light 
reaching them otherwise than tlu-ough it, and then ask another to 
show him colom^ed bodies, he will Snd Himself making as many and as 
flagrant mistakes as any colour-blind person ever did. I have found 
even glass-stainers who were accustomed to make allowance for the 
effect of coloured transparent media in altering the tints of opaque 
bodies seen through them, err very widely in their conclusions ; and 
others were generally wrong in every colour except that which was 
identical with the glass through which they were looking. In truth, 
it needs no (jroof^ that to fill the greater part oi" tlie eye with a bkie 
liquid, through which alone liglit is permitted to reach the retina, 
cannot fail to induce a peculiar vision of colours, and that this came 
of ckrmnutop8€udop.ns (properly so called) j is worth the attention of 
physiologists and pathologists. 

At the same time^ I entirely agree with Wartmann^ in thinking 

1 The infrequeney of such opportunitias, and the corresponding desirable- 
ness of improving ttiena, is atrikingly shown by the followmg statement with 
which Dr Mackeniiie has favoured me : — 

" A curious fact about colour- blind n ess is the extreme mrtty with which th* 
subjects of it apply for ad^nce to oculists regarding it. 

** During the last thirty years I have treated at the eye infirmary ami in private^ 
upwarda of 40iK) cases of eye 4t&ease ; and out of this number 1 do not recol- 
lect more tlian two of colour-blindness. Onu of these was a calico-printer, dis- 
tiDguished for his taste and success iu his own line^ and very vn willing to let 
hia defect be known. I suspect this h generally the feeling of colour-blij^ 
people.** 

* Taylor B Scient. Mem ^ 184C, p. 1B2. 
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that Dalton's theory " could not explain the diversity of names ffiven 
to the same colour by different Daltonians." ^ A colour-blin£iess, 
indeed, dependent on the humoui's of the eye being coloured, would 
be of a much simpler and more uniform kmd than that characteris- 
ing the cases which I have described. As exhibited by an eye other- 
wise perfect, it would show itself as a " constant error," the extent 
of which could, by comparison with the vision of normal eyes, be 
ascertained and allowed for ; and as it could not occur in any marked 
degree, unless the humours were deeply coloured, it would be accom- 
panied (especially if tliev were red or blue) with a faint perception, 
in virtue of their imperfect illumination, of the forms and outlines, 
as well as of the tints of bodies ; whereas true colour-blindness 
does not necessarily, or even generally, involve in doubt the dis- 
crimination of aught but their colours. 

A colour-blindness of this kind should also be characterised by 
that colour being seen best (i.e,y most normally), which tinged the 
transparent media of the eye. A blueVitreous humour, manifestly^ 
would not prevent blue^ nor a red one red^ from being seen (a difier- 
ence of shade only excepted) as normal eyes see them ; and if true 
colour-blindness were thus chromatic in its origin, it is yellow^ not 
blue, which should be found predominating in the eyes of those who 
share in Dalton's peculiarity, for yellow is the colour which they 
see best. But there is no reason to think that the slight tinge of 
this colour which was found after death in the lens of Dalton's 
own eyes, was at all more intense than that which appears in the 
eyes of those who, with a perfect perception of colours, live to 
so advanced an age as he did. Moreover, Mr Kansome's observa- 
tions on the unchanged aspect to his eye of red and green, 
ea. gr.y when seen through the transparent media of the deceased 
philosopher's eyes, render needless any ftirther proof that colons- 
blindness, such as Dalton's, could not be induced by the change in 
colour which the crystalline body had undergone. This change, 
which, as occurring in advanced life in the lens, goes the length of 
developing in it an amber colour, in addition to a paler yellow 
tint in the vitreous humour, does not, according to the universal 
testimony of eye-surgeons, lead to any alteration in the judgments of 
colours. In truth, the aged are, in one respect, gainers by this 
coloration of the humours, for there is good reason to beUeve that 
Sir D. Brewster is right in his opinion, that " the retina receives a 
more powerful luminous impression from yellow light, than from the 
pure white light of which this yellow forms but a part;"^ and 
if this conclusion be just, the diminished sensibility of the retina 
in advanced life is, to some extent, atoned for by the altered 
colour of the light which falls upon it. There must, unques- 
tionably, be some slight change in the perception of tints, as a 
drawback to the gain from increased illumination, but this altera- 

1 Op. et Loc. Cit. 

2 Lond. and Ed. Phil. Mag., 1844, p. 139. 
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tiou hasj no ^oubt, occurred too gradually to be sensible to the 
subject of it. 

Sir David Brcwster's chromatio theory of colour-blindnesa is 
I'eferred to by himselfj simply as a conjecture, and is best given in 
his own words* He is replying to a criticism of Wartmann'sj and 
after some remarks continues : — " During the dissection of many 
hundred eyes, I observed in several cases . . • - that the retina had 
a marked French grey or jiale him tint, which decidedly absorbed 
red light. I knew that in cases of colour-blinrhiess the vitreous 
bumonr was not hhte^ or even greenish-blue^ as Dr Dalton conjee- 
tureil ; but I could not assert that in the same cases the retina nnght 
not be blue, and hence I waa led to hazard the idea of a blue rathia 
as one which might be admissible as a cause of colour-blindncsss but 
only on the supposition that the choroid coat should prove to be the 
seat of vision"^ 

I am not aware that Sir David has soiiglvtj in later pnbhcationsj 
to extend this supposition into a fiiU conclusion. He is at one with 
the majority of philosophers in regarding the retina as the seat of 
vision ; but his conjecture deserves notice as calhng attention to the 
colour of the retina as a possible cause of colour-blindness. I do not 
know by what arguments it could be rendered probable, that the 
choroid coat performs the fdnction usually ascribed to the expansion 
of the optic ixerve ; but excluding altogether the supposition that it 
can, it appears to me that a coloured retina could not fail to alter 
the perception of colom^s, even on the received view that it is itself 
the seat of vision. To tins, and to certain other speculations con- 
cerning the extent to which the colours of the memhraneu within the 
eye may alter its chromatic perceptions, I now tuni. 

The subject may be conveniently discussed under three heads, 

1, Relation of the general colonr of the retina to colonr-vision. 

2, Relation of the yellow spot of the retina to colour-vision. 

3, Eelation of the colour of the choroid to colour-vision- 

1, delation of the General Colour of the Retina to Cohur-Vuion. 

It would be putting a question which no one can answer, to in* 
quire. Can the retina transmit to the braiuj or detennine in the 
mind, the sensation of its owti colour? But it is more within our 
power to answer the allied question, Would the possessor of ea^. gr. 
a blue retina have a different perception of blue, from the possessor 
of the normal pinkish grey one? I think he would, whatever 
answer be given to the previous query, 

A man of genius has declared that the "eye sees all things but 
itself," but this fine thought is only partially true, for physifjiogists 
have long been awai'e that by many de\'ices (such as the vciy simple 
one of moving the eye tremulously, whilst looking through a very 

1 Lona. and Ed. Pbil. Mag, 1844, p. 137- 
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small hole in a card at the clear skj), the retina may be made 
visible to itselfj or at least a perfect spectral copy of it, becomes an 
object of consciousness. Such being the case^ it does not seem to 
admit of doubt> that were an individual retina to have a marked 
colour developed in it^ this also would be perceived ; and that when 
the possessor of such a retina made the familiar experiment of look- 
ing, tOl the eye was futigued, at one colour, the conipleinentary 
colour which then appeared would be tinged by an added hue from 
the retina. 

But apart altogether from this, a coloured retiiia, though tran- 
Bpai^cnt, would certainly reflect some coloured light, and this light, 
falling on an opposite portion of the membrane^ would jiroduce the 
same impression, as light of the same quality from any other source 
would do. It seems to me, therefore, certain that, admitting the 
retina to be pbpically the seat of vision, its coloui', if at all consi- 
derable, would render the perception of coloui-s abnormah 

NoWj accord inirljj that oculists, by means of their ingenious 
speculuy can perceive the condition of the retina during life, it would 
be important to know whether it exhibits a different colour in the 
colour-blind, than it does in those whose vision ia normal j and 
similar observations could be made in po^i'mo7^tem examinations. 

Since writing the above, through the kindness of Dr W- R. San- 
dei^, Curator of the Museum of the College of Surgeons, Edin- 
burgh, who fii-st made his ctmntrymen acquainted with the eye- 
speculum of that accomplished physiologist and natural philosopher^ 
Pi'ofessor Helmholtz of Koenigsberg, * I have had an opportunity of 
observing, how strikingly the innermost recesses of the living eye 
can be rendered visible by no more complex apparatus than a gas- 
flame and a slip of glass* It is very startling to see what for ages 
has been named the camera obscura of the eye light up in a moment 
into a dazzling camera lucida^ sending throngh the pupil, brilliant 
white, brassy, or crimson-coloured rays^ according as the movements 
of the eye-ball make the optic nervOj the '* yellow spot," or the blood- 
vessels of the retinaj the more immediate reflectors of the light w^hich 
issues. No one who witnesses this very beautiful phenomenon will 
need further proof that the retina reflects in its normal state much 
coloured light, which, when the pupil is contracted, must, in consi- 
derable part, return from the hack of the iris to the retina, and im- 
press it as coloured light from without would do. And if this be 
the case, h fortiori the development in any marked degree of a tint 
such as blue or red on the whole retina must alter the visual per- 
ception of colours-^ 

It does not appear that, hitherto, variations in the general colour 
of the retina have been observed, at least, in the human subject- Dr 

^ Edinburgh Monthly Journal of Medical Science, July 1852, p* 40, 

^ Hehiihottz*s description of the apparatus referred to in the text is contained 

in his work entitled ^' Besclireibuiig eines Aagea-Spiegels arur untersuchung^ 

der Netzhaut im lebendcn Auge. Berlin, 1851/' 
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W* Mackenzie informs me tliat he lias never seen it in healthy eyes, 
other then ^'reddish or pinkish gi*e}V' and such appears to be* the 
general opinion of physiologists who compare it in tint to the grey- 
substance of the brain- I do not anticipate that the tint of the 
retina will be iound to vary much in difierent persons^ but it is one 
of the points deserving attention in the examination of the eyes of 
the colour blind, 

2. Relation of the Yellow Spot oftlie EeHna to Colour-Vmon* 

The remarks previously made apply strictly to the general colour 
of the entire retina^ but it appears to me singular, tliat no physiologist 
has connected the existence of the normal yellow ^jiot (the macula 
iuteaf or limb us luteus of its discoverer, Swmmerring) on the human 
retinaj with the perception of colour ; but in tniih, so far as I am 
aware, no physiologist has suggested any use for it. The spot in 
question is thus descrilied by a recent authority :— 

" If we cut across a fresh human eye, so as to look at the hyaloid 
surface of the retina, or if we carefully remove the sclerotic and 
choroid coats, so as to expose to view its choroidal aspect^ we are 
struck with tbe rich yellow colour of one small spot about one- 
twelfth of an inch in diameter, situated at the very bottom of the 
eye, in the exact axis of the humours^ i.e,^ at about one-tenth of an 
inch from the optic nerve. The colour is deepest in the young adult, 
much fainter in the old. It exists in some monkeys^ and according 
to Dr Knoxj in certain reptiles ; but in general it is wanting among 
the lower arumals, while it is quite constant in man. The colour 
shades gradually oft^ and is deepest when seen from the inside.'* * 

The same author, writing in conjunction with Dr Todd, refers 
further to the yellow spot in these terms ; ** It has been described by 
some aa u fold, by others as a foramen in the retina, and after several 
examinations, we should speak of it as a small mound, or projection 
of the retina towards the vitreous humour, with a minute aperture 

in the summit As for the colouring matter, it is not in grains 

of pigments but stains the several tissues, and soon disappears in 
water, llie «^'e of the yelloiD spot is uuhwicn. It is interesting to 
observe in connection with the perfection of vision over the spot, that 
the principal braaclies of the artery and vein of the retina, above and 
below, curve round it at a distance, going, as it were, out of their 
course to avoid it, so that only capillary vessels arc found in its im- 
mediate vicinity." ^ 

Tiiere are diiferencos of opinion among physiologists (into which 
1 do not enter), m to the exact structure of the retma at the limhiis 
tuteusy but all are agreed that from its position at the bottom of the 
eye in the very axis of vision, it must in man receive the most per- 
fect image of an object which the eye, considered as an optical in- 
strument, can produce ; and the production of which we instinctively 

* Lectures on the Eye, by W. Bowman, 1849, p. 89, 

* Todd and Bowman's Physiological Anatomy, cliap. xvii. p. 30. 
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secure by turning the centre of eacli mipil towards those bodies whicli 
we wish to perceive most accurately* "Perhaps" observe Todd 
and Bowman^ " it Is oulj in, or very near, the axis of vision^ that 
sight can be said to be perfect. The existence of the yellow spot of 
Scemmerring at that point, continues a riddle which the most atten- 
tive examination of its anatomy has not yet solved. And fi'om the 
absence of this spot in almost: alJ the lower animals, w© are led to 
doubt its importance to perfect vision,*' ' 

Tlie ahnost exclusive limitation of the yellow spot to the eye of 
man, points to some special service which it renders him ; and I 
hazard the following suggestions in reference to it* According to 
the testimony of aU who Lave described it^ it is exceedingly transpa- 
rent, and as the retina is of sensible and even measurable thickne^^ 
the hght which falls upon its vertex j and passes through the Umbm 
luteusy must lose most of its bine and red rays before it traverses its 
thickness and fully impresses it. It is irulif thus by i/ellow^ not by 
white light f that ordinarii perfect vision is exercised by man^ and I 
cannot help connecting this fact with the special sensitiveness of the 
retina to yellow light- 

The yellow rays of the spectrum are confessedly more himinous 
than the othei-s, and even seem to make a stronger luminous impres- 
sion on the eye, than the composite white light (of which the yellow 
is but a part) does. It has further been amply shown in the pre- 
ceding pagesj that yellow is the colour seen best by all human 
eyes. I suggest, therefore, that the spot of Sa^mmerring is a provision 
for securing to the human retina the conversion of white light into 
the more excitmg yellow ligbt^ which makes the maximum impres- 
sion upon it* 

Nor must it be forgotten that the liglit which traverses the yellow 
spot will be deprived J not only of its red and blne^ hut also of its 
actinic or chemical rat/s^ which are notoriously stopped by trans- 
parent ^/ellow media. What influence these rays exert tipou the * 
vision, either of form or of colour, we do not know ; but they can- 
not fail to affect it, for the retina, like the other portions of the 
nervous system^ is throughout life continually undergoing chemical 
changcsj which are essential to the performance of its function^ and 
these will be quickened, retarded, or altered in their character by 
the actinic agencies. Now, the yellow spot which absorbs, and re- 
tains within its thickness a much larger proportion of the actinic 
rays wdiich reach itj than other parts of the transparent i^tina can, 
must be the seat of chemical ehangesj diflering in kind or degree 
from those which they undergo ; implying a different amount of 
molecular disturbance; and^ as can scarcely be doubted, occasioning 
a different sensational impression. It may reasonably bo inferred, 
that this impression enhances the perfection of vision, and that one 
object of the yellow spot is to secure its production. And if such he 

^ Op, Cit,, chap, xvii, p. 65. 
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tlie casej we can understand wlij the retina was macfe jellow, ratlier 

than the humours of the eye i for had they heen of tliis colour, the 

light which traveraed them wo old have lost its actinic rays (besides 

parting with its red and blue, and heat-rays), before it reacbed the 

retina J and the impression produced by white light containing a 

large proportion ot its actmicj chromatic, and thermic forces, 

till the moment of its traversing the retina and changing into 

jyellow light within its substance, must he very diftereiit from that 

^zjccasioned by light which has been filtered throngh yellow media 

Ibefore it falls upon the retina.^ 

But whatever be the value of these suggestions, it does not, I 
^hink, admit of doubt, that the colour of objects must seem differ* 
«ut to us, than it does to the great majority of animals in whose 
^^yes there is no yellow spot. TJieii" white must be whiter thmi ours, 
tiieir yellow Zes^ yellow j and all tints must weai* for us " B^jaundicetV* 
look which they do not show to them- It is already ascertained 
also, that tiie colour of the limbus luteus grows fainter as life advances, 
and we may well believe that it varies in areaj as well as in intensity 

■ of tint in different individuals, whose judgments of colours must in 
a corresponding degree vary. I do not think that such variations 
can occasion colour-blindness, but they must occasion diversities of 
judgment among those who, unlike tlie truly colour-blind, are prompt 
and unhesitating in their chromatic decisions. 

Examples of these diversities occur every day, among those who 
have spent the greater part of their Uves in dealing with colours. 
Every one must be familiar with the differences which appear 
among colourists, otherwise equally practised^ in their decisions re^ 
garding the less-marked tints and shades. Who has not heard 
painters, and critics of their works, discuss by the hour "flesh-colour," 
or " sea-green,'* without any change of opinion among the dispu- 

»tants as to the true quality of these colours ? This is not the result, 
on the part at least of the majority of those differing in opinion, 
of colour-blindness, for its subjects are not pertinacious in their 
conclusions regarding colour, and are not given to dispute re- 
garding it. 

1 have been much struck \^'ith the same phenomenon as appear- 
ing among dealers in coloured goods, and dyers. The remark has 
been spontaneously made to me (and on that account impressed me 
the more) on four different occasions, by the heads of carpet manu- 
fkctories and dye-works in Edinburgh and Paisley^ that they were 
t- quite accustomed to find workmen who would ^^ match'' imemngly 
Bpr dye to a pattern, reds, blues^ yellows, greens, purples, brownSj 
Hand most of the other mixed colom^s, bnt who failed to satisfy others 

f * The diathermancy of the humouTa of the eye is very small, so that few of 
the heat-rays which fall upon the cornea reach the retma : the actinic rays are 
Baid also to be stopped by the transparent media of the eye, but the evidence 
of til i$ is not satisfactoiy. 
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with such tiixta as ^^drab,** "fawn/' or *^ stone-colour," although as 
well pleased themselves with their adjustments of these as witli those 
of other colours, 

Astrouomers who seek to ^ve to their estimate of the colours of 
the heavenly bodies, the same precision as to that of their other char- 
actei-Sj supply still more uuec|uivocal proofs of the existence of what 
they happdy term a "chromatic personal equation" in most in- 
dividuals. 

The learned and ingenious Captain (now Admiral) W, H. Sinydi^ 
referring to the diflPerent colour which appears in the two compo- 
nents of many of the binary stars, observes, in allusion to the ex- 
tensive reseurches of Struve on tliis point: — ** Professor Struve's 
chromatic designations are, ol/Mtmsmnaj obscuraj pallida^ lhid(^^ 
mtb-Jlava^ Jiava^ suh-caeruha^ caejndea^ rubicumhty and rubra; he 
supposes the ninth magnitude to be the outside boundary in which 
he I'eeognlses cotourj but I have been much struck with the beau- 
tiful blue tint of the smallest stai^ visible in my telescope. This, 
however, may be attributed to some optical peculiarity. The Pro- 
fessor foLind, wliat I have also experienced, that Sir William Herscbel 
saw most objects with a redder tinge than they have since proved 
to bear. This may be owing to the ettect of his metallic niirrorj or 
to some peculiarity of vision^ or perhaps both.^ 

Here are three unusually skilful observersj with (as there is every 
reason to believe), in each case, what must be called a normal sense 
of colour, differing by a constant amount regarding certain tints* 
And as Admiral Smyth observes elsewhere, in commenting on this 
and similar facts, *^a personal [chromatic] equation j of greater or 
less amount^ occurs in every case, and the reason of the faulty 
colouring of so many artists^ is, that they really are not aware of 
many of the refinements of colour ; their eyes not perceiving them; 
their fingers cannot render them." ^ 

One probable cause of such chmmatic idiosyncracies in the nornial- 
eyedj and one source of aggravation of those occutTing in the colom*- 
blindj is the condition of the yellow spot as to area, thickness^ inten- 
sity of tiiitj and the like j for both by the change which it induces 
on the light which traverses itj and by the light of its own colour 
which it reflects across the chamber of the eye, it must influ- 
ence the impression which coloured objects make upon the entire 
retina. 

I would suggest, accordingly, the inspection by means of such 
an instrument as the retina-speculum of Helmboltz, of the yellow 
spot in the living eye, in connection with its powers of vision 
as regai*ds form, outline^ and, not least, colour, a^ well worth the 
attention of observers. We may reasonably hope to find a close 
connection subsisting between the extent and tint of the coloured 



^ Cjcle of Celestial Objects, voL L, p. 302. 

' Aedes Hartwellmnffij p. 31 J, where the whole passage is worth study. 
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Spot and tlie %'isual powers of tbe eye, and it wonld be important to 
know what differences it presents in those whose colour- vision is 
normal J and those in whom it is the reverse. 

Tliere are difficulties^ doubtlesSj in the way of such observations, 
which can be made to purpose only by experienced oculists. The 
£ippearanee of the yellow spot In a perfect eye^ as seen by Helm- 
lioltz's speculum is thus described by Dr Sanders :^ — "The retina 
surrounding the white optic nerve 13 of a bright red colour, which 
l>ecoraes deeper towards the periplieryj and is caused probably by 
"the capillary blond* vessels, too small and too faintly ilhirainated 
*o be distinguished from the grey substance of the retina^ * * 
- - - . . The yellow spot of Soemmening or spot of direct 
"visioilj is of a dimmer yellowish-grey colour^ without trace of capil- 
lary vessels; its observation is rendered difficult by reflection from 
^be cornea ; and tlic luminous image is much less bright than on 
the adjauiing parts of the retina/'^ 

These remarks apply, of coulee, solely to the vision of man ; but 
although tbe yellow spot is not found in the retina of the majority 
of the lower animals, certain remarkable coloured objects occur in 
the "rods and bulbs" of that membrane in these creatures, which, 
like the yellow spot of the human eye, may affect the vision of 
colour. The objects in question show themselves in the outer or 
choroidal ends of the rods and bulbs as " globules resembling oil, 
eitlier colourless or possessing moat brilliant tints of yellow or crim- 
son. In the Cbelonian reptiles and in birds these are the most 
beautiful;'^ 

A portion of the retina of the tortoise, Mr Bowman tells us, shows 
on its outer aspect, when seen through the microscope, " a most 
elegant an^ay of pale, of yellow, and of crimson globules, scattered 
with regulai'ity over the sui-fiice, the first being the smallest, and 

tthe last the largest, . . , . 
" In birds we have even a more beautiful pattern of colours- In 
the sturgeon, among fishes, I have found the globules large 
but colourless. In the mammalia they are either very small or 
wanting/'^ 

I am intbrmed that the skilful histologist, Hannover, has made 
these singular bodies objects of special observation, and has figured 
them in his ^^ Recherches Microscopiques sur le Systenie Nerveux, 
1844." The subject is one lying beyond the compass of my 
fkmiliar knowledge ; bat these remarks may perhaps induce compe- 
tent inquirers to study the globules in the retina of many of the 
lower animals in relation to their possible influence on the vision of 
.colour. 



^ Edmburgh Montlily Mtidieal Journal, July 1852, p. 44. 
' Bowman on Visionj p. B8. ^ Op. et Loe. Cit. 
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3. lielation of the Colour of Oie Choroid to Cotour-J^on* 

If the proposition be well founded^ tlmt tbe colour of the internal 
iiiL^mLranes of the eye must affect its perception of colours, theii the 
rlioruid, which is the most fully coloured of the tunics, and the one 
most liable to vary in extent and depth of coloratioDj must have a 
v^ry ini^)ortant itifluence on colour-vision » 

In the nonnal human eyej the matter colouring the clioroid and 
posterior surface oi' the iris, is rather a y?t-7me?iiMfti fuscurn^ than 
niifrum^ and is described as possessing a reddish-brownj a septa, or 
tobacco-brown tint. The amount of pigment and its particular 
shade, varj^ in different individuals, according, especially, to ^e and 
race. In the young it is much darker than in the aged^ aiid i^^| 
is more abundant and deeper in tint in the dark than the fair racef W 
of mankind* 

Vision is held to be in all respects most perfect, when ceteris pari-^ 
huSf the pigmentum nigrmn is darkest, and by absorbing the rajaH 
whicb have traversed the transparent retina, prevents the inter-™ 
fering influence of cross lights svithin the chaniber of the eye ; but 
I shall presently have occasion to show that this opinion e^ls loi^H 
qualification. fl^ 

In tlie eyes of the aged, where the pigmentum nigrum becomes 
very pale, and in those of the albino, where it is in great part o^ 
altogether awanting, there is manifest reflection of light from thfj 
choroid;^ but, in truth, by Helmboltz's ai*rangements, the choroiif 
of every healthy human eye can be shown to reflect much light ; 
and as this light in moving towards the pufjil, traverses the retina, 
including the yellow spot, as well as the blood-vessels, it must (even 
if originally colourless) become coloured in its passage. The great 
distinction, accordingly, which has been drawn between the mirroc^— 
less camera ohscura of the human eye, and the briJhant tapetum ^uc^H 
dum wdiich, like a concave metallic mirror, lies behind a large par^" 
of the retina in tlie eyes of many of the lower animals, is, in reality, 
much less marked than it has been held to be. Without^ indeed, 
the aid of any ojitical apparatus, the human eye can be seen to glare 
and flash as tlnit of a cat does ; and from a very early perioa the 
observation has been made, that the eyes of certain persons ** shine 
in the dai^k " Dr Esser has collected several striking examples of 
this as occurring in albinos, but it is not confined to them,^ The late 
Professor Jameson of Edijtburgh states, that he had reniarkcd a 
luminous property like that of the cat's eye, '* in the eyes of 
several indiviauals, principally females f^ and Mr Gumming, before 
Ilelmholtz published^ had shown, ^^ that in the eyes of all persons, 
where the pupil is toleral)ly large, a very decided reflection from the 
bottom of the eye may be observed by placing the individual under 

* Mackenzie's Physiology of Vision, p. 218. 

' On tlie Lunimi>u&ness observed in the Eyes of Huaian Beiugi, etc, Edia. 
Phil. Journal, 1827, p. 164. *' Op, tit** p* 30J. 
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trial at a distance of ten feet from a single gaslightj and directing 
him to look a little on one side, when a strong glare becionies visible 
to any one standing almost directly between him and the light. In 
Bome pei"sons this glare is exceedingly brilliantj like that from bor- 
nishea brass; in others it is fainter."^ Similar observations were made 
at a later period by Eriicke ;^ and before either of these experimenters 
had recorded his results j Dr Mackenzie had stated that : " In one 
instance^ Sir David Brewster saw a reflection of a bright red colour^ 
with a pnrplish tinge^ from the bottom of the eye of a boy about ten 
years of age. In a girl at the Glasgow Eye Infirmaryj I noticed 
also a purple reflection/'^ 

The light, whicli in so many ways can be shown to be reflected 
from the interior of the eye, is of course thrown back in part only 
from the choroid. But that this membrane contributes largely to the 
reflection, may be shown by tlie colour of the light which issuer from 
the eyes of those animals which are provided w^th a tapetum lucidurn^ 
and from the colour of the pupil of the albino. In both cases the 
tint eor responds to that of the choroid* It could not be expected to 
be strictly identical, for the choroid being behind all the membranes 
but the sclerotic, the light it reflects must traverse them and have 
its colour altered in its passage, so that besides the influence of the 
yellow spot in colouring this light, we may always expect an addition 
of red from the blood-vessels. After making due allowance for this, 
however, we shall find tlie proposition hold goodj that the pale 
choroid of the aged man^ the red choroid of the albino, and the 
silvery green tapetal choroid of the sheep^ reflect respectively a yel- 
low, a red, and a green light* 

It comesj then J to be a matter of interest to inquire, what influence 
such coloured light will have on the vision of colours ; and as the 
ejGB of those animals which have shining tapeta^ exhibit coloured re- 
flection more strildngly than the human eye normally does, I shall 
refer first to thenij as well as to the albino's eye, where there is so 
great an abnormal reflection of coloured light, oefore considering the 
reflecting power of the choroid in ordinary eyes. 

The tapetmn laeidmn presents such an appearance in bright light, 
as we might expect in a piece of metaUie velvety Le,, veh'et woven 
from the finest and most polislied capillaty threads of gold or silver 
wire. It is thus described by Todd and Bowman : — -^* In many 
quadrupeds and fishes the inner surface of the choroid, in its poste- 
rior part^ has a brilliant lustre, owing to the presence of a thick 
layer of wavy fibrous tissue, peculiarly arranged| outside the cho- 
roidal epithelium (here colourless)"* The appearance of this 
tapetMm lueidum varies in ditierent animals^ as wdl be seen fi'om the 



' Medico-Chin Trana. Lond., yoL xxix^ p. 283* 
inan*s Phvsiologica! Anatomy, chap, icvii. p, fit. 

* MuUeV^B Archiv., 1847, p- 225. 

^ Physiology of Vision, p. 21 8, 184 L 

* Physiol. Anatomy of Man^ cbap, xvii* p. 23» 
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following iledcriptioii by Cmner, which contains the fiillest account 
I have beeo able to find of these variatbns. It leaves unnoticed, 
however^ a large number of creatures. 

After referring to the Rayschian membrane (the moer surface or 
layer of the choroid) as more or less covenpd with a dark varnish 
(pumienhim fti0ntm)i he continues ; — '*The bottom of the Ruyschian 
membrane is coveml only with a veiy thin layer of this varnish^ 
through which its coIouTj which varies singularly in different species, 
is perceived* In man and monkeys it is brown or blackish; in 
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bares^ rabbits, and hogs, of a chocolate-brown ; but the camivi 
the runiinantia^ the pachydermata, the solipeda, an ' 
have hriglit and shining colours in this part* The ox has it 
beautiful golden green changing into celestial blue ; the horse^ the 
goat, theT>uffjilo, the deer (eefi/), of a silvery blue changing into 
violet ; the sheep of a pale golden green, sometimes bluish ; the lion, 
the cat, the bear, and the dolphin, have it of a pale golden yellow t 
the dog, the wolf, and the badger, of a pui^ white bordered with blue* 
TliJB coloured part of the Ruyschian ni^nbram is named ^ le t^pisy 
[tapetumjp It does not occupy the whole of the bottom of tlie eve, 
but only that part which is not penetrated by the optic nerve." * 
In another part of this lerouj Cuvier refei*s to the raj/ (which is 
the only fi.^h mentioned by him) as having the bottom of the eye of 
a "beautiful silvery colour." It may te added that the eyes of 
more than one species of shark present the same appearance^ and 
Judging from specimens preserved in spirits, where the tapetum 
looks through the senntransparent retina like tinfoil, and when the 
retina is removed, like dulled silver, I iider that in the living eye^ 
the reflecting surface resembles this metal when purest aud most 
polished, in colourlessness and brilliancy, 

ilow far the enumeration given above exhausts the diversities of 
colour observed in tlie kipeia of different creatures, must be regarded 
as uncertain, since whole divisions of the animal kingdom are un- 
represented in the list. The recorded diversities are after all, 
smalL In fishes the tapetum may be compared to a concave mirror 
of bright silver. In other animals it is such a miiTor coated as it 
were with a tranf^parent blue, green or yellow varnish ; but except 
a tuige of violet, it is never red. Assuming the tapetum to act as a 
reflecting ispeculum in the living eye (as I think it will presently 
appear it certainly does), then a reason can be seen for its colourless- 
ness in fishes, inasmuch as the medium in which they live is itself 
in mass coloured, and absorbs a very large amount of the solar and 
sidereal light which folk upon it, so that at considerable depths there 
is comparative darkness, and the faint twilight which prevails will 
certainly be reflected with less loss by a colourless tapetum than it 
would be by a coloured one. Moreover, the pale phosphorescent 
ie sea. which must be regarded as to a considerable extent 



light ' 
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a substitute in its darker regions j for the celestial light of which 
they receive so little, has so feeble a luminous intensity, that its 
illaminating power would be much lessened by reflection from a 
coloured surface, and a silvery white tapetum can turn to best ac- 
count its faint rays.^ 

That the tapetum of no animal's eye is in its normal condition 
red, apjjears sufficiently accounted for by two considerations :—!. 
J^€d light of feeble intensity impresses the retina less than faint iight 
of any other colour (ante p. 53), so that If the tapetum acts as a 
x-eflector^ and is most serviceable when the quantity and intensity of 
-the liglit entering the eye are smallest, the worst tint it could pos- 
^ess would be a red one* 2, The transparent blood-vessels ramify- 
ing on the retina, and in other pai'ls of the eye in front of the tape- 
^uni^ colour the liglit which it reflects through them^ so that there 
is in all animals, an unavoidable reddening of the light issuing from 
^lieir eye5, and a corresponding dinnnution of its illitminating power. 
"With a red tapetum this diminution would be still greater. 

So fai'j then, as our knowledge goes, the metalline tapetum is 
frequently whitej sometimes yellow, but in the majority of land 
animals either blue or gi*een ; and I am now to consider tlie ouestion 
-what influence will the emission of, ex. gr.^ blue or green light from 
a living animal's eyes have upon its perception of colour f It wiU 
conduce to perspicuity to take a single unquestionable example of such 
emission of coloured light from the living eye, and no more striking 
or familiar instance of this could be wished than that furnished by 
the common cat, whose eyes proverbially ^' shine greEu in the dark." 
The tapetum of this animal is yellow, but the light reflected from 
it acquires a green colour before leaving the eye. This is not a 
vnlgar fancy, Dr Esser, who made a great many experiments on 
the luniinousness of cats' eyes both before and after death, mentions 
that when a few rays of sunlight were allow^ed to fall obliquely on 
the face of a living cat w^hose eyes w^ere in a straight line with Ids 
ow^n, he ^* observed a most beautiful green liglit;" and in twi- 
light *' a yellowish green*" The eyes of a cat just beheaded shone 
far more vividly when its face was turned to the sun, than those of 
the living animal, in consequence of the permanent dilatation of the 

1 In ad^3iti€>n to its tapetum a fish has another mmwahU oculur mirror in its 
gotden or silvery iris. The external appearance of a fish's eye, with the in- 
contractile brilliant iris surroanding the lat^e cryatallJue, exactly recalls the 
appi; Ullage attached to microacojxis for condensing light on opaque ohjecte^ 
called from ks inventor a Liebeikuhn, and consisting of a circular tjietallic 
speculum, with axi aperture in the centre occuj>ieil by a lens. In truth, how- 
ever J the majority of fishes are altogether hving mirrors ; the metallic brtl- 
hancv of their skins or scales making them powerful reflectors. Those who 
have noticed to what an extentt in a dark nighty the phosphorescence of the Be% 
although fainter than eaily twilight, will render vigihle fishes in the water, at 
a considerable distance from the observer, in virtue of their high reflecting 
lower, muat have been struck by the many beautiful proyistons which have 
»een made for economising to tlie utmost the small amount of light which 
reacheii, or is generated within^ the depths of the sea. 
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iris after death allowing a lar|rer pncil of light to enter and leave 
the eye. The li|»ht then eniitteu *^ resembled," says Es^er, "the 
most beautiful green tire-**^ 

Seeing, then, that a cat's eyes certainly emit green lif^ht in par- 
ticular circumstances, how far will its judgments of colours seen by 
that light be affected by this ? Some ))i*eliminary difficulties must 
be dtsjKJsed of before tins question, involving in considerable part 
that of the relation of a coloured choroid to the vision of coloursj can 
be considered. 

In the first place, there is still some reluctance to come t-o a 
unanimous conclusion regarding the source of the light which 
renders the eyes of many animals luminous *^in the dark." Tbe 
popular belief, vaguely acquiesced hi by some naturalists is^ that 
the eyes of the cat and of other creatures shine by a light of their 
own, which is the more conspicuous^ the more absolute the diirk- 
ness which it encounters. But the experiments of Esser,^ and of 
Beriedict Prevost,^ iiu^on test ably prove that in utter darkness the 
eyes of all the higher animals very soon cease to be luniinons,* and 
that within cert am limits they may be made to shine at the wiU of 
the experimenter by allowing light to fall upon thent. 

It is possible tlnit tlie vitreous and other humours^ in the eyes of 
animals, are phosphorescent, in the way transparent bodies like tlie 



' E^linburgh Philosophical Jouraal, 18:^7, pp* 164, 167. My friend Mr 
William Swan^ at jny requt^st, examined with IlclnihoUz'H apeculum the eyea 
of his cat which is an uuusually large and powerful male, with the folio wing 
reauJt : — " The colour of the tape turn, or that of the ligkt reflected from it is 
what I should call an apple green, aometimea passing into nearly pur© yellow. 
The former colour 1 huve often «een when looking at hi^ eyes without the io- 
tervention of the a peal urn/* 

I have found no difficulty in making mmilar observations on the eyes of a 
dogj who, by a little coaxing and bribing, was persuaded to look in such a 
direction that the light of a gas Hame could be refleoted Into his eyes. The 
light returned from them was generally a yellow liko that of illuminated 
hmmj but in certain poflitlona of the eye-balla, it became a full crimson, 
when, as 1 presume, the larger blood- veasela acted either as reflectors or timns- 
inittera of the light. 

1 mention these parti culara because they show that a ieiiea of very iuterest- 
ing observations could bt made by means of specula, not only on the domea- 
ticatad animals^ but also on the less controllahle inhabitauts of our zoological 
gardenSj as to the amount and colour of the light which their eyes (whether 
provided or not with tapeta) emit. Any animal with its head at rest and its 
lace fronting the observer, but especially those with tapeta, could be thus 
examined witli tlie asai^tance of a mirror hy daylight, and a moveable flame by 
night J and It la only by such obsenrationa that the quality of the light which 
the eyea of all creatures give out can be ascertained, Tlic colour of the 
tapetum, does not, as some have supposed, alone determine the colour of the 
light which leaves the cornea ; and where there is no tapetum it la still more 
difficult to predict what tlie colour of the issuing light should be. 

s Op. ct loc. cit. * Ibid, p. 297. 

* 1 do not know how tbe case standi with insects, such as tnoths whose eyefl 
shine in the Hark^ but whether from mere reflection or a true phosphoreacencfe 
does not appear to have been certainly ascertained. 
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diamond are^ which, when transferred to total darkness after expo- 
sure to lightj shine for a time. But if the eye is thus endowed^ its 
power to phojiphoresce Is very slit^ht, and not less transient ; and 
it is certainly as a reflector of light incident on it from vvitiioutj that 
the tapetum mainly confers luminosity on the eye of winch it is a 
part. The point is important to my diseussionj inasmuch as it 
shows that the coloured li^ht issuinrr from the eyes of animals pos- 
sessed of tapeta, has in great part been reflected from the very hottom 
of the eye^ and has thus completely traversed its transparent media, 
before its emission i so that every portion of the retina is liable to be 
impressed by it. 

The action of the tapetum is thus sufliciently manifest ; but many 
able physiologists have found gi*eat dirticulty in assigning a function 
(or at least a useful one) to ity and there seems no agreement regard- 
ing tliis point. As these difficulties stand in tlie way of conclusions 
I wish presently to urge, they must first he disposed of 

Benedict Pre vost, after showing that the shining of a cat's eyes 
is not phosphoric, continues : — " Jt has also been pretended tliat it 
serves as a hght to the animals wliich possess it, and that it assists them 
in seeingj and guiding themselves in the dark. But the place which 
the reflectors occupy is reasonahly a matter of astonishment ; for it 
is not the light which proceeds from the eye to an object tliat enables 
the eye to perceive that objectj but the light which arrives in the eye 
from it"* Dr Mackenzie quotes^ with approval, this observation, 
adding the more important comment : — "The purpose served by 
the reflection of li^ht by die tapetum is not understood* Reasoning 
a priorij we should say it would render tlie eyes weak and impatient 
of light,"* Todd and Bowman observe, — ^^ Thh tapetum bmdum 
must act as a concave reflector, causing the rays of light to traverse 
the retina a second time, and thus, probably^ increasing the visnal 
power^ particularly when the quantity of light admitted into the eye 
js smalh^® This opinion, Dr Mackenzie thinks '^ not likely to be 
just/' founding his objection on the absence of a tapetum from the 
eyes of nocturnal birdsj which can see very well in what seems to 
human eyes absolute darkness.* 

Prevost's observations seem scarcely called for. If any one cer- 
tainly has imagined, that the mere lighting up of an aniniars eyes 
would confer upon them the power of vision in darkness, although 
the light issuing from those eyes was not returned to them from the 
objects which it rendered visiblej the fallacy of his notion deserved to 
be exposed. But those who held such a view can have had no clear 
idea of the relation of vision to light from external sources, and it is 
unnecessary to discuss minutely their opinions, Prevost^ however, in 
dismissing these^ appears to think that he has disposed of the ques- 
tion — ^Does the light issuing from an animal's eyes assist in render- 



' Edin. Phil Journal, 1827, p. S02. 

* PhyBiologj of Man, ^tc., chap, xvii._, p. 23. 



^ Physiologj of Vision, p. 220, 
* Physiology of Vision, p. 221. 
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iiig objects visible to it f and, fintliDg no manner of nsy for tliis light, 
gravely proposes the singular doctrine, tliat the iiae of the tapetmu 
is cojitintially to empty the eyej es|>eeiallj dnring the da>% of the 
siiperahunJant light, which, if n^tt sent off, wouhl lessen its delieacyj 
of visual perception ! It is plain ^ h owe ver^ that the light thus e: 
pelled from the eye, whenever it fi.01 upon a reflecting suHace pli 
in the axis of vision, wonid in great part be thrown back into tin 
eye, and render visible the object w4iich reflecte<l it. Instead, thea^ 
forcj of its being a pretence, as Pi^vost would have us believe, t!ii 
such an animal as a cat is helped to see by the light issuing fmni il 
ejes, it does not admit of doubt that, whether it wills it or tiot, tl 
cannot help seeing by such hght, in so tar as it is returned to tht*! 
organs by the objects on which it falls* 

I am at a loss to understand how this fanction of the ta petti in 
should recently liavc been so ranch disregarded* It seems to have 
fallen out of notice among our physsiologists and nattii*al pluli^so* 
phers, although not sharers of Prevost*s views ; yet I can conceive 
no rtmsori fur this but the supposed teebleintensity of the light wliich 
is emitted from the eyes of animals. It is feeble assuredly, conifiarer 
with sunlight, or even candKdight, but it is bright compared will 
daj'kness, and seems the brighter the deeper tlie darkness. TI 
light of a cat's eyes is not inferior to that of a glow-wonn in intent 
Bity: yet the light of the latter is seen from a considerable distance, 
and close at hand, will enable oue, whose eyes have been rendered 
sensitive by darkness^ to distingtush minute objects^ 

What light of such intensity will do for our eyes, it will do 
those of a cat, and none the less because it is returned to eyes from 
which it was given out. It is true, that if tlie primary source of llie 
light i"e fleeted from the tapetnmj and thereafter returned to the 
i^tina, were some luminary of great brightness such as the sun^ or 
incandescent lime, or charcoal, the low intensity of the returned 
light \\ould pre\'eut it from impressing the rctina ; but in intenae 
light J the tape tu in is not needed, and, as will presently appear, doea 
not come into play ; and, in faint lights where the difference betwieeii 
the lumiimsity of the primary rays falling on the tapetum and r^ 
fleeted from it, and that of those returning to the eye, is slight, the 
retina will retain sensitiveness to both. An eye dazzled by sunlight 
does not [n^rceive candlelight; but candlelight does not paralyse the 
retina to the faint phosphorescence of a fish wliicfi has begun to 
decay ; and a much nearer approach in the relative luminous in ten* 
sity of two lights may occur without depriving the eye of the jjowe] 
of "discerning both. Of this, on© proof specially ])ertinent to thi 
topic under discussion will suffice- 
In subjecting one's eye to the scrutiny of IIehnh<>Itz's speculum 
held in the hand of another, the light of a bright gas fiame is thrown 
into the eye, tmd reflected from the retina and the choroid behind 
it (as it would be from a tapetmn)^ through the pupil ; but though 
there is the sense of dazzling Irom the flame, this does not piwent; 
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less brilliant objects from being seen distinctly. These are perceived 
cliiefly by the feebler rays of tbe flame falling upon them ; and I 
refer to the fact here, simply to illustrate the simultaneous visibility 
of lights of unequal luraniosity ; but I notice, in passing, that tbe 
light issuing from one's eye, in such an experiment, is brighter th^m 
some of t!ie rays of the gas fiamej and if reflected from external 
objects into the eye^ would certainly render them visible. 

The older physiologists seem fully to have realised this tinitb, and 
to have gone beyond its recognition to speculations on the final cause 
of the existence of a tapetum iu the eyes of certain animal s, Monro, 
and as Cuvier states, *^ d'auti^s a%^itit lui,— believed tliat the tape- 
turn of the ox is gi^cen, in order to represent more vividly to it the 
colour of its natural food." ^ And it was probably a similar opinion 
that leil John Hunter to state that, *^ in tlie cow^ in sheep j deer, 
horses J and I believe^ in all animah feeding en gra,sSj tliere are in 
the same eye, certain portions of it [the tapetum] white, and others 
of a fln8 gmen colour ^^ ^ Monix>j at least, and those at one with him j 
ceitainly hehl, that the green light issuing from an ox's eye wjia 
reflected back to it from the gi'ass on which it fed, and made it more 
conspicuous to the animah This is a particular example of the 
general conclusion which I wish to urge — that from the eyes of most 
animals possessed of tapeta, tbei^ issues (especially in twilight or 
partial darkness) coloured lights by which, in part at least ^ they see 
objects before thenij and necessarily of a different tint fmrn that 
which such objects presetit to the eyes of animals without tapeta- 
No creatures ceitainly are more free from colour- blindness^ or more 
keenly sensitive to the difference between red and greenj tlian bidlsi 
rams, and turkeys^ which are equally roused to madness by the spec- 
tacle of the former colom*, and equally composedly regard the latter* 
Yet tiie same red rag, or green blade of grass, must present a dif- 
ferent tint to each ; for the ram's tapetum is much greener than the 
bnlFs, and the turkey has no tapetum at alh These are examples 
of a chromatic equation in animalsj depending on the colour of the 
choi'oid, which will prepare us for similar thougli lesf? decided differ- 
enceSj due to the same cause, in the human eye ; but to this I shall 
return. BeforCj however, passitig to another subject, there is a prob- 
able (I would say J indeed, a certain) use of the tapetum in some 
animals, which, as it ap]3ears to have entirely escaped the attention 
of naturalistSj I briefly notice^ although it has no direct con- 
the vision of colour. Cuvier observes, in reference to 
tapetum assists the ox in find- 
explanation does not apply to 
speciesj ' as assuredly it does not. A cat preys on nothing 

green, and can receive no special help in finding its food from tbe 
ght of that colour which issues from its eyes, although it v^'lll, 



neetiou with the vision of colour, 
Monro* s opinion J that its green 
ing ite green tbod, that *^ this 
other 



' Lec;ons trAnatomie Coiiiparc'e (le(;on xij.)i 2*'^ edition , t. lij.-. p, 419. 
' Catalogue of Mtiseum ui IL CulL of burg tons in Lontluii, vol iiL p, ICJ2. 



liiimly m light, atfUt it iii surprtsing its Tictime;* Bat if such iigM 
gaimm the cat to the nioose, ii warns the mome o/tfu caL Therc ii 
mercy to tlie iictini as well a« to his pursuer, in the etidownient of 
tht;ktUfr Hitli a bnlli;tnt reflecting choroid* The owU wbidi has 
no oiiiTi>r& ID Uifl eyes^ and owes his acute 8i|;ht lo his large piipii 
and highly sensitive retina^ can steal unperceived In twilight, on im 
prey ; hot the flashing green eyes of the lioo, the leopar^ and the 
tffjer, muift often have given timely thongh unintended warninff t>f 
their approach to their anticipated victim> ; and the shark probably 
cheatA Iiimself occasionally of a meal^ throngh the unconscious 
ftnnouncement of his approach, given by the appalling glare of his 
immense eyes. But this is a digression. 

Having then considered the relation of the tapetom to the refleo* 
tioii of light through the pupil on external objects, we are now to 
look at its relation to the reflection of light from side to side^ within 
the chamlM.*r of the eye, with a view to intjoire how &r vision will 
be affected by such cross reflections, especially as occurring In the 
human eye. 

The observation of Dr W. Mackenzie falreadyquoted), that tiprtori 
reasoning leads us to infer, that the addition of a tapetum to the eye 
would render it *^ weak and impatient of light," has great force in it, 
and has probably been acquiesced in hitherto. A good deal of irre- 
gular reflection must occur from a surface so unequal as that of tlie 
tapetum is, and the lateml and anterior portions of the retina will 
receive those scattered rays. It certainly appears, at first sight, as 
if the resulting muhiplieation of cross lights could not fail to irritate 
the retina and confuse the distinctness of vision. 

This conclusion, however, I believe, has mainly been drawTi from 
the acknowledged condition of vision in human albinos, where all 
the evils supposed inseparable from the presence of a tapetum cei^ 
tainly show themselves. But the eye of an albino (aniniid or hu- 
man) is, id two important respects, unfavourably circunistaiiced, 
compared with that of a cat or other sliining-eyed animah In the 
first placcj the albino's eye has no pigmentmn Jiigmm on the lateral 
and anterior portions of the choroid, any more than on its posterior 
portion ; whereas the tapetum occupies only the latter region, and 
the rest of the choroid is thickly covered wath pigment, and inci-eas- 
ingly so anteriorly. In the second place, the iris of the albino is 
free from pigment behind, and nearly so in front, so that it is 
transparent, and when contracted to the utmost, offers as large an 
area for the entrance of light as w4ien it is fully dilated; whereas, 
in a cat's eye, ex. gr,j the iris is virtually opaque, and, when con- 
tracted, allows only a very small amount of light to enter. 

It is further to be noticed tlmt, except in fishes, and to some ex- 
tent ill the marine mammulia, the area covered by the tapetum lucir 
dum cori'espoiids to but a small portion of the bottom of the eye, 
whereas the arnm^^ciiicnt in the albino is equivalent to a conversion 
of the entire churuid, including the back of the iris, into a reflecting 
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tapetain. Thus Joliii Hunter states, that the tapetum ** is always 
placed at the bottom of the eye^ in the shape of a half-moon^ with 
the circular arch upwardsj the strait^ht line or diameter passing 

almost horizontally across the lower edge of the optic nerve 

This shape is peculiar to the cat^ lioii^ dog, and most of the carni- 
vorous tribe ; in the herhivorousj the upper edge being irregular." * 

Moreover, limited as the tapetum is, only a small portion of its 
surface is brought into action as a reflector, unless when exposed to 
faint light. This is particularly the case itt feline animals, where 
the elongated pupil is at right angles to the tapeturaj and narrows 
in sunlight to a snuill chink, allowing only a thread of light to 
enter ; but it is sufficiently strilcing also, in the eyes of herbivor- 
ous animals^ where the pupil stretches as a horizontal shtj parallel to 
the tapetum, but not opposite to it wlien the iris is contracted. Li 
the albino's eye, on the other hand, only the closure of the eyelids 
defends the reflecting surface of the choroid from the access of 
light. The fullest contraction of the iris is but equivalent to the 
drawing down of a red window-blind : it alters the quality of the 
light entering the eye^ bat not the extent of surface on which it 
fails. 

We must thus set aside altogether the albino's eyCj as it presents 
conditions greatly difl'ering from those of the luminous eye possessed 
of a tapetum: it is with the nof^rtal human eye that the animal's 
shining eye should be compared ; and it is this analogy which gives 
special interest to the discussion. 

If, then, we look at the circumstmices under which the choroidal 
mirror, or tapetum hicidum conies into play, it appears that it acts 
only when the light falling upon it is feeble, and the iris is dilated. 
It is in permanent action, accordingly, only in fisljes, in which the 
iris is immobile, and the eye is ahvays exposed to a subdued light- 
In land animalsj such as the cat, it is, as it %v6re, thro^vn out of 
action except in twilight : and the wide-spread belief, even among 
the edncatedj that the cat's eyes shine in utter darkness, is the 
best proof that the feebler the light^ the more fully does the tape- 
tum act. 

In the Jirst place j then, the light falhng upon the tapetal surface 
of the choroid is of low intensity, and therefore e^isily absorbed by 
dark siirtaces, when reflected upon them. Second li/^ As the greater 
number of the rays of light falling on the tapetum will simply 
retrace their course when reflected from itj they will pass out of the 
dilated pupil as they passed in, without impinging on the mem- 
branes within the eye. Thirdlg, Those irregularly reflected rays 
whicli do not follow this com^se, will nevertheless in greater part 
have a direction forwards^ so that they will fall upon the back of the 
iris, or the more anterior lateral portions of the choroid — the ciliary 
processes, and the ciliary body^and be absorbed by the pignieut, 
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whlcli is tbickest and darkest there. Fourlhftfj Of thum rays wlucli 
are reflected from one point of the sbming ta]jetuni ttj another, only 
sudi as fall upon the seat of ]:*ertect vision (which occupies a vm 
Hinited art^a) can n»ateriaily interfere with tlie dj.stinctness of visual 
[>erception, and they must be very few. 

The arrangement, in short, clusely resembles that of a cainmi 
0^cura arranged to take a diiguerrcotyjie on a silvered plate, with 
this exception J that the highly reflecting metallic surface corres- 
ponding to the tapetura is flat, not curved, so that reHection ftumi 
one ponit of the surface to another, which is must to be dreaded, 
cannot occur. This difterence allowed for, it is still manitest that, 
if reflection from the .silvery surface does not prevent tbe production 
of a perfect image on it^ the similar reflection trom the tapetuta 
shauld not prevent the iirojuction of a perfect image on the retin% 
which hcjs like a thin film in front of it. 

The presence, then, of a mirror in tbe back of an animal*s eye, 
appears to be in no respect incompatible with distinct vision j on thw 
other handj I think there can be no doubt that it greatly cnhancei 
it; and I urge this belief because, after the results obtained by 
Cumtning, Bi-iicke, llelmholtz, and others, it dues not admit of 
question that betwet^n the mirrored anirnafs eye, and the mirrvrUm 
human one, there is only a diiFerence of degree. A cat's eye does 
not more certainly reflect light, than the eyes of every one ot us Aq\ 
and if his .'^ight is disturbed by such reflection, ours must be also. 
Yet what we call iji our own case " j^rfect vision," is vision thus 
disturbed, if disturbed it be, and the important questicm suggests 
itself, ^^ Does not chon>idal reflection increase instead of diminishing 
the perfection of sight? " According to tbe current theory of vision 
it should not improve it. This teaclies that the light which has tra- 
velled and impressed the retina is thereafter absorbed by the pigment 
of the choroidj lying behind it, and the more rapid and coni])lote this 
absorption is, the more perfect, ex hiipotltem^ the picture on the 
retina. In a word, the whole eye being maintained a camera obscurOf ^t 
it is desirable that its posterior wall, or surtace, should be pam ub- V 
gcurismna, I find no fault with tins as a hypothesis ; it h probably 
realised in those sharp-sighted iioctumal animals^ such as the lemurs, 
which have no tapetum, a unitbrmly tinted choroid, and a very (sen- 
sitive retina, but it does not apply to t!xe human eye, or to that of 
a large number of animals* *^ In those animals/' says John Hunter, 
** where the jtupfienhim nkfrum is hlack, it is pretty uniformly so 
through the whole ; but in those where it is lighter it is nut so uni- 
form. The litjhteat part is always at the bottom of the ei/e^ becoming 
darker gradually forwards, and in such it is often qnite black, vb., 
from the termination of the retina to the pupil ; or if not b]ack| it m 
there much ilarker than any where else. Tliis is generally the cafld 
in the eyes of the human subject." ' 
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Later physiologists do not appear to have looked so particnlarlj 
into this matter jis the great surgeon and comparative anatomist 
did J but all are agreed as to the increased thickness and darkness of the 
pigment on the posterior surface of the iris (uvea), and tlie internal 
surface of the ciliary hocly, as well as between the folds of the ciliary 
processes. One great object of the uvea unquestionably is to render 
the iris opaque^ and prevent it from transmiiting light, but it also 
deprives it ot the power of refiectinf; light, and the internal snrlaces 
of the ciliary body an<l processes must have an equally low reflect- 
ing jKJwen The wisdom of this arrangement is apparent Seeing 
thatj whether for a beneficial end or not, light is reflected from the 
bottom of the eye towards the pupil, had the uvea possessed a high 
retiecting power, it wtjuld have returned the light w^hieh fell upon 
it to the bottom of the eye, and thereby have infallibly disturbed 
vision- The seat of perfect vision is opposite the pupil, so that if it 
rapidly contracted, the increased surfece of the iris would not merely 
intercept many of the i-ays which passed through the dilated pupil, 
but would J if the posterior surface of the iris acted as a reflector^ 
send them back upon the spot of clearest visiouj am! confuse the 
image there. The occurrence of this in the eye of the albino is 
doubtless one of the causes of his imperfect sight. 

There is thus, at least, provision made against vision losing in 
distinctness from deep-seated reflection within the eye, but I venture 
to suggest that it gains in distinctness from it. Let us look first at 
an eye with a tapetum, where the reflection is greatest. The first 
effect of this tistsuc (which I shall further assume to be colourless) j 
acting as a mirror, will be to return the rays of liglit which fall upon 
itj tlit'ough the retina. I have akeady quoted Todd and Bowmaji'a 
opinion, that this '■^ will probably increase the visual power," and Dr 
MackeuKie's objection to this conclusion^ because quick-sighted night 
birds have no tapetum. The majority of physiologists take no 
notice of the matter, and Todd and Bowman's statement is certainly 
vague. Can it be doubted, however, that what is equivalent to two 
rays of liglit falling upon the retina will produce two impressions 1 
We send a capillary sunbeam through the retina in one direction^ 
and instantly return it through that membrane, a little diminished 
in intensity, in the opposite direction: if it determined a sensation 
in its first passage, what is there to prevent its doing so in its 
second? It, for simplicity's sake, we suppose exactly the same 
points of the retina to be travelled by tlie incident and the reflected 
ray, then (unless the luminous intensity of the incident ray was so 
great as by its passage to exhaust the sensibility of the retina) the 
reflected ray will repeat somewhat less powerfiilly the impi'ession 
made by the incident one. The difference will be as great as there 
is between a sound and its echo, but not greater* 

On this ^dew of matters^ the tapetum, especially in twilight, will 
serve the im[>ortant puri>ose of making every perceived ray of light 
tdl (wive upon the retina, so that the sensation it produces will 
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either he increased in distinctness, or in duration ; and probably in 

both* 

The Imman eye has no tapetiim^ and the Hght reflected from its 

jnten<jrj comes unqiiestionablj in part from the surface of the retina j 
but the pale surface of the cfioroid behind the retina also acts as a 
min"or, and must serve the same purjiose as the tapetum in tlie 
eyes of the lower animals, Tlie effect of this choroidal reflection on 
our vision, must be the same as tliat of tapetal reflection on the 
visual perception of animals. All optical images will be twice 
depicted on the retina j and every luminous sensation will make a 
deeper and more lasting impression upon us, than it otherwise 
would have done. Tlie pale colour of the choroid at the bottom 
of the eye, is thus as beautiful a provision for effective visioUj as its 
dark colour in front,' 

If those conchisions are well-founded, their application to colour- 
vision is direct. The tapetum in a multitude of animals is coloured^ 
and from this it follows that the impression made upon the retina by 
the reflected ray^ must differ from that prodnced by the incident 
one. Thus, the incident ray in all cases bein^ white; in the felidse 
the reflected my will l>e yellow; in the herbivora, it will be blue or 
ffrgen ; and with both we may contrast the albino, where the w^hite 
incident liglit will in great part be reflected as red light* CVilours 
cannot ap[>ear the Banie to eyes so endowed. Tiie feline, the herbi- 
vorous, and the albino eye, must contribute respectively a yellow, a 
hlue or green, and a red tint, to every object they perceive, and 
must judge differently of the same colour. 

There must be similar, though smaller differenccsj in the nonnal 
human eye, for the choroid varies much in tint in the diiferent 
races and in different individual. In the Museum of the London 
College of Surgeons, there is a considerable collection of prepa- 
rations from the eyes of fair and dark persons of the same and of 
dissimilar races, specially intended to illustrate this, and also that 
the colour of the choroid corresponds to that of the hair, John 
Hunter thus comments on the subject : — " There are few of the 
human species that we can say are perfectly white. They rather 
pass from the black into tlie brown, red, and even light yellow; 

and we find the pigmentitmj , varying through all the 

different corresponding shades. In the African negro, the black- 
ness of whose hair and skin are great distinguishing charac- 

* The objection to such views, drawn by Dr Mackeniie from tbe absenee 
of a tapetum in nocturimi btrda, ib valid agaitmt thime wIki hold that only by 
an internal mirror enn vision by dim light be secnred^ I do not advocate" Ui is 
opinion, fon plainly, great dilatability of the pupil, and exalted seiimtiveneBs 
of the retina^ wil[ secure this power for a mirrorless eye; and pliysioJogy 
Bbotmds with examples of similar reHuUa secured by dissimilar cauaes^ I would 
notice, howevei% that there is an anatomical objection to the occurrence of a 
tapetum in the eyes of birds, tn the occupation of its site by the singnJar organ 
called th« marsvpiumi or pecten^ which is supposed to take* part in th^ adapta- 
tion of the eye to vision at different distances. 
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teristic3, the pigmentum is also very black* In fti€_."Sii;ktto, wlio 
has not the skin so dai'k as the African^ but the hair' j^i ear I7 as 
black, this pigmentum is of a shade not quite so deep, yet ^till it 
does not approach so near to the middle tint as the skin, rathfir ^V 
lowing the colaiir of the liain In people of a swarthy complexianj^ 
as Indians, TiirkSj Tartars, Moors, etc., we find the hair always of a* 
jet black, and this substance of a much darker brown than in tliose 
that are fair. In people remarkably fair, , . , . we find this pig- 
mentum following the colour of tlie skin and hair ; being in some 
of a Hf^ht brown, and in others [albinos] almost white, according to 
the eolour of tlie hair in soch people," ^ 

Tliere are tlius (exchiding the albino) variations of colour in the 
human choroid from pale yellow to the darkest brown, which must, 
more or less, be communicated to the light reflected through the 
retina, from the membrane behind it, and affect the perception of 
colour. Apart from individual differences in the judgment of tints 
occasioned by this, there must be constant national ones. The dark 
and the fair races will present a different "chromatic equation;" 
the advantage, so far as normal perception of colour is concerned, 
being probably with the dark-^yed, in whom the deeply-tinted 
choroid will reflect less coloured light to add its impression to that 
of light from without, than will be the case with tlie paler choroid 
of the fair races* 

On reviewing what ha^ been stated in the three preceding sections 
{ante p* 81)^ on the general colour of the retina; on the special 
colour of its yellow spot ; and on the many variations in colour which 
appear in tlie choroid, it is manifest that though the light furnished 
bj the sun, or by artificial luminaries, may reach a number of living 
eyes unaltered in quality, it will be so altered in colour within them, 
by the influence of the membranes referred to, that very different 
chromatic perceptions will be determined by the same primary light. 
Within the eyeball, unquestionably, there will he, to some extent, a 
neutralisation of coloured rays by their complements, ending in 
their conversion into white light, or in their entire extinction. 
Of this, one striking example is afforded by the eyes of herbivorous 
animals, where the light reflected fi-oni a green tapetum, afterwards 
passes through transparent red blood-vessels, and, doubtless, not 
without undergoing a loss ; whilst another portion, traversing the 
less vascular parts of the retina, will mix with the rays reflected 
firom the blood-vessels, and produce white light. But the green 
colour of the light actually emitted from the ey^es of the animals in 
question, shows tliat these effects are only partial, as we might ex- 
pect them to be* And neutralisation of coloured light, in either of 
the ways referred to^ can only affect the light which has traversed 
the retiiia, so that^ after making all allowance for its occurrence^ the 
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ooudnpoi&i uijg^ in the preceding sections will remain tm- 

, - TBe {]iie«tioti then arises, may colour-bliiidviess t?v er depend (»n 
. Ach-tmnations in the colonr of tbe internal membraned of the "^ 
►_il* have be«eii shown to occur t In reply to this question, I 
refer to bat one iact, and that does not mvour the cou elusion, thi 
tme colonr-blindness can be occaiioned in tl»e war sui^^sted. It is 
qoite certain that Alblnnd are not necessarily eolonr-hUnd* In the 
very etuions account of his own and his sisters albinism, furiiiilied 
bv Dr Sacha, there occurs tbe emphatic announcement, — *■ Leucae- 
thlopes nee achr&matobUpes, nee ac^anoblepes sunt, Sibi quideni 
ipsi oumes colore^, eosque non aliter ac ceteri pleriqne Homines, 
eemere atqne discernere riJentur," ' Sachs's opinion is Uabte to tJie 
objection, that it b his own judgment upon himself, not unequivo- 
cally confirmed by a person of normal vision : and exce^ition might 
fiirther be taken to liis conclusions, inasmuch as besides his albinism j 
his perception or conception of colours was singularly anomalous. 
SacBB was subject to what has since been called hifperchromatopBy^ t*f,, 
a propensity, more or less constant, to attach the idea of colour, not 
only to physical objects, which, to ordinary vision, appear coloured, 
but likewise to things from which the majority of mankind generally 
abstract altogether the conception of colour. Thus, he imputed 
colours to the lettei-^s of the alphabet, the notes of the musical scale^ 
the ordinary numerals^ and the days of the v^eek. In the alphabet, 
for example, a was red, % white, and u black. In the days of the 
week, Sunday w^as ichite ; (as if, hke a Roman, he regarded it dis^^ 
creia noiandus) ; Monday was trre^ (recalling our school-boys' bhm^M 
Monday); VV etlnesday was ^^^/^«?-^ From the observations, how^^^ 
ever, of Comaz and Wartmaim, it appears that this rare affection is 
not necessarily an accompaniment of albinism, and that examples of 
it occasionally occur in those whose vision is otherwise normal* ^j 
It is unnecessary, however, to discuss the exact value of Sach^f^H 
conclusions concerning his ft-eedom fi-om colour-blindness, as Warl»^| 
maun has put on record the examination of four youthfial Albinos, 
three females and one male. Two of the girls and the boy were of 
one family, and the thii-d girl was cousin to these three. All foiu**^ | 
Wart maun tells us^ '* ne pr^sentent aucun Daltonism e/' He ascej|iH| 
taiued this by direct trials, and mentions specially, that they distin^H 
guished correctly the closely approximating shades of the same coloin*. 
They also perceived all tbe tints of the sjiectrum** 

* Hist. Nat* duorum LxuciETHropuM auctoris ipeius et aorom ejiia, a 0, 
Sachs, M,B.—Solubaei, 1812, p. 75, par. 150, 

2 Op. cit,, p. 82, par. 160. 

^ See, in iliu strati on of this Mr W* Wliitt? Cooper'a cammenta In the article 
" VisioD," Cycloptcdfa of AnatDmy aiid Physiology ; and Waitmann's Paper, 
p. 43, referred to in the aueceedtiig Kote. 

^ Dt?uxi£iiie Meinuir© sur Ic Daltoni^me, par E. Wartmann. Geneve, 1849, 
p. 42, I am indebted to MrW. White Cooper, of Londi^n^ for a knowledge of 
this Meniokj and for tlie use of one of the few copies of it which have reached 
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It thus appears that a total absence of pigraent from the choroid^ 
and a replacement of the dark surface found in ordinary human 
eyes by a brilliant red one, is not i?i compatible with a perception of 
colours, sueh as a skilful observer, like Wartnianiij thoroughly alive to 
the existence of colour-blindness, could not distinguish from, a purely 
normal perception. But the conditions of the Albiuo eye are very 
peculiar, and the small number of Albinos, and these very young, 
who were examined by Wartmann, cannot be considered as finalfy 
disposing of the question, 1b the Albino vision of colour the same as 
that of the non- Albino eye? especially when the peculiarities of 
colour-vision exhibited by Sachs, the only adult, educated subject of 
albinism whose experience is fully on record, arc taken into account/ 

Nevertheless, I am not disposed to assert that colour-blindness, of 
the kind Dal ton and bis fellows exhibited, can be occasioned by such 
modifications in the colour of the membranes of the eye as I have 
drawn attention to* But an extreme chromatic equation, not always 
distinguishable in its practical manifestations from veritable colour- 
blindness, may certainly be occasioned by the varying condition of 
the membranes i-eferred to, and on this account I have, in the intro- 
duction to tills discussion, spoken of such manifestations as deserving 
to be ranked under a special chromatic theory of colour-blindness, 

I close this section with the expression of the hope, that the colour 
of the membranes within the eye-ball will now be an object of more 
frequent and minute examination by physiologists and pathologists, 
than it has hitherto been. My friend^ Dr Beddoe, has indirectly 
supplied much niteresting information on this subject, in bis little 
work recently published,^ containing the results ot an examination 
during life, of the colour of the eyes and hair of some 5000 of the 
Scottish people, representing nearly all the districts of their country. 
According to the observations of Jolm Hunter, already quoted, in 
which physiologists generally concur, a dark choroid and dark hair 
go together, and vice ver^sa. In the future enumeration, accordingly, 
of cases of coloui -blindness, it is desirable that the colour of the hair 
should be recorded, as it cannot be expected or desired that the 
majority of the colour-blind should speedily become the subjects 
of pathological investigation. The colour of the iris generally, but 

this country J where it is much less known than it deserves to he. Had I been 
aware of lU existence at an earlier period j I should, gkdiy have quoted from it ; 
and 1 shall have occa&ion, in the sequel, to refer to it more fully* I infer, from 
its title^ that it jb a reprint from the Memoirs of * La Soeiete de Phyai<iue et 
d'Histoire NatureUe de Geneve,' for 1848, 

^ 1 urge this the more that 1 learn from Wartmann's second Memoir, that 
the kte Dr Cutiier published cases "where several d^^cltromaiopsic [colour- 
blind] femaleH presented the greater number of the symptoms assigned by Beer 
and other oculists, to the absence of the black pigment of the choroid." These 
appear to have been colour-blind Albinos, hut I cannot ascertmn the piirticulars 
or their cases, which are recorded in ** Annales d'Oculistique, t. 1, p* 400," a 
work of which only the later volumes are acceesible in Edinburj^h. 

" A Contribution ta &,'otti8h Ethnology, By John Bed Joe, B.A., M.D.j 
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not in variably, resembles in shade that of the hair, and a ha^el or 
pale golden iris has been thought to be an index ol" colonr-blind- 
ness. Of the trnth of this particular conclusion no proof has been 
mven ; but it h certain that the amonnt of dark pigment on the 
back of the iris (uveajy increases or diminishes in proportion to the 
^neral abundance of colouring matter tinting the choroid ; and it 
would be highly interesting to know whether the fair-eyed and the 
dark-eyed^ — apart from colour-blindness — ^ attach a different chromatic 
value to the sanje colour. The proverbial diflerence between the 
tints preferred for dreas by blondes and brunettes, and the great 
foBdness of the negro races for white and the primary colours, are 
probably in party at least, related to differences in the colour of the 
choroid, to which that of the hair and of the iiis h a clue- The hair 
is probably the more important external index of the chromatic con- 
dition of the choroid J especially where the hair differs in shade tirom 
the iris : but this is not certain j and even if it were, it will oflen be 
impossible, in the Iinng human subject, to look at both^ so that in all 
cases each should be examinedj and the result recorded, I regret 
that I was not alive to this at an earlier period of my researches^ so 
as to have noted the hair and eyes of all my colour-blind actjuaint- 
anees< Like most other writers, however, on the false vision of 
colours, I have not had my attention prominently attracted by the 
dark or the fau* monopolizing colour-blindness* Such observations 
as those of Dr Beddoe can alone settle this, question, and wouldj in 
addition, throw light on other important problems. 
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The second of the leading physical theories of colour-blindness refe*« 
the false perception of colours to the peculiar organization of the 
nen^ous apparatus of the eye, including so much of the brain as is 
essential to vision {ant€ p. 77.) It may be conveniently called 
the cerebvo-Tetiiial theory of colour-blindness. 

Many more modifications occur in the various published versions 
of this theory than in the chi'omatic hypothesis which has been dis- 
cussed. On the whole^ however, they may be ranked in two divi- 
sions, and named the cerebral and retinal theories, according as the 
brain or the retina is held to he most concerned in the manifestation 
of abnonnal vision. It is not intended, however, by such names to 
imply that the retina alone, or the brain alone, has been i*egarded 
as the sole seat of colour-blindness* On the other hand, ixx our 
ignorance of the full extent to which the brain is essential to vision 
in all its relations, it has been felt vain to speculate too nicely on the 
relative sliare which the nervous expansion within the eye, and those 
portions of the brain into which the optic nerve can be traced 
backwards^ severally contribute to the vision of colour. 

Oi' the cerebral theories of colour-vision, only one calls for special 
notice, According to phreiiologistS| the pow'er of distinguishing 
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colours depends upon a particular part of the brain lying over the 
roof of the orbitj and, when largely developedj rendering one part of 
the superciliary ridge specially prominent. In the words of Mr 
Coinhe, *'' Observation proves that those individuals in whom the 
portion of the brain which is immediately above the eye^ beneath the 
eyebroWj is largely developed; possess in a high degree the faculty 
of distinguishing colours." 

The question w^hether a prominence in one part of the eyebrow 
characterizes those who have the power of readily distinguishing 
colours, andj conversely, whether a flatness or depression is found in 
the same region in those whose sense of colour is iniperfectj plainly 
admits of settlement without discussing any portion of the meta- 
physics of piu'cnologj. The thesis niamtaiued by Mr Combe and 
other phrenologists is^ that not only is a feeble normal perception of 
coloiu*s accompanied by a small development of the superciliary pro- 
minence which they term the organ of colour, but that this organ is 
still more decidedly depressed or absent in those who are colour-blind. 
In support of this conclusiouj they have published accounts of several 
well-marked cases of colour-blindness, in wliich the organ of colour 
was defective or absent. Among the cases also which 1 have re- 
corded, Dr K, and Mr E. have reported that they have been pro- 
nounced by phrenologists to have the same detect. Mr D. also 
inlbrraed me that the organ of colour was wanting in him. 

The general i-esultj however^ of more extended inquiry has not 
been favourable to the phrenological conclusions. I have made no 
cranial examination myself of any of the cases of colour-blindness 
known to nie^ not irom iudilFerence to the matter, hut because, as I 
must frankly confess, I am unable to distinguish such diiFerences 
between the development of one superciliary ridge and another, as I 
find other observers declare themselves able to ao ; and 1 thei^fore 

f've no opinion, founded on personal observation j on this question, 
here has been no wantj howeverj of inquirers ; and the general 
result, so far as my knowledge extends, has been the folio wmg : — 
Wartmann, in his first memoir, observes, *' I must say that among 
the Daltonians whom I have examined, the organ in question {Le., 
of colour) was in general but little evident, except in two of them, in 
whom it was remarkably prominent."^ 

The late Lord JelFrey was pronounced by phrenologists to have a 
feebly developed organ of colour*^ He, however, was not only fee 
from any trace of colour-blindness, but, as he has recorded himself, 
received ^reat dehght from the spectacle of brilliantly coloured ob- 
jectsj and had a remarkable power of matching colours from 
memory.^ 

Szokalaki, who has had great experience in cases of colour- 
blindness, and agrees with phrenologists in the belief that there 

^ Taylor's Scientific Memoirsj 1846^ p. 184, 

^ Combe's System of Phrenology, 3d Edition, p. 405. 

» Op. eit.^ p. 406, and Edin. Rev., Nos. 88 and 8^. 
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19 a cerebral organ of vision^ and that this is dimmbbed m 
volume in the colcmr-blind, adds, notwithstanding, " We know well 
that phrenologists place the organ of colour in the middle of the 
iuperciliarj arch ; we have, however, examined scrupulonsly and 
with great pains many persona who have presented \ery decided de- 
pressions of this arch ; out despite of the best wishes in the worlds 
we could never discover in them any trace of chromnto-pseudopsj.'^ ^ 

Mr W. White Coo[>er obseFves on this passage, ** neither does our 
own cxpc^*rience support the theory of tlie phrenologists; in two 
well-marked Daltonians examined by us, the whole superciliary 
region was remarkably well developed/'^ 

The whole of the observations referred to above were made on 
the head during life^ and are o])en to the objection to wliich all such 
observations are liable, that they identify the internal development 
of the brain with the external configuration of the skulb Tnin ob- 
jection is specially pertinent in reference to the phrenolcigical organs 
situated in the neighbourhood of the frontal sinus, and that it is 
not a speculative difficulty, can be shown by a very cnrious example 
which has not hitherto come before writers on this subject. At the 
poat-mortem examination of Dal ton's body, the fallowing fact was 
observed^ as stated to Dr Henry by Mr Joseph A. Kansorae, 
Dalton^s medical attendant^ who made the examination ; "Mr Ballv 
(fonnerly assistant to the late Dr Spnrzheim), was present, and took 
casts of several parts of tlie brain and the cavity of the skull- He 
pointed out a remarkable prominence on the frontal portion of the 
orb J tar plates (which represents the phrenological site of the * or^an 
of colour' )y and the imperfect or deficient development of the convo- 
lution of the anterior lobes, which rested upon them. Of coui'se, 
Mr Bally adopted this as the tme explanation of the peculiarity of 
Dalton's vision ; and we as mtncsses (not only without taith in 
I)lirenology, but even opponents), ai'e bound to record the fact "* 

Here, then, according to the judgment of those present, there ap- 
peared a marked deficiency in that portion of the brain which phre- 
nologists regard as the organ of colour, in the person of the most 
famous example of colour-blindness, and though he were not famous, 

* Quoted by Mr W, White Cooperj Article Pwww, Cyc. of Anat. and Physiol. 

2 Op, et loc. cit. 

' Henry *a Life of DaltoD, p. 201. It seema proper to inform the reader, 
whether dispo&ed to draw conclnsjona favourable or uofavotirable to the phre- 
nological explanation of colour-Ulindnesij, that Dalton died at the age of 78, 
seven years after an attack of paralysisj which permanently iiu|>aired the use 
of tlie right side, a6 well as tile power of articulation, and the memory of 
words. Several sligiiter attacks succeeded in the intervening years, and the 
last proved fatal. Lesions of the brain, such as occur in eases of the kind, 
were foun<3 after deatii, the parti culara of which will be found in the work 
quoted abovu. How far a diminution in volume, or apparent imperfect deve* 
lopment of the anterior cerebral lohes, may have been connected with the ad- 
vanced age, and repealed attacks of paralysis which Dalton had undergone^ J 
will not pretend, even remotely, to determine, but the hrain was certainly not 
m a normal condition at tba time of the post-mf^rtem examination. 
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tis case would deserve record as the solitary oae wbere tlie brain 
itself was examined. Sometliingj as I have implied in a notej must 
be deducted from the value of this case on the groiuid of the effbcia 
which tmie and disease haxl produced upon an organ so liable to de- 
rangement as the brain. Let it he assimiedj however, that no such 
deductions are called for, and then the truth I i^ish to dwell upon 
will be more fully appreciated^ namclyj that during Ufe no phreno- 
logical sign of colour-blindness appeared on Dalton's forehead. 
Those who have seen him, or who art* familiar with his busts or 
portraits, will be aware that his headj which remarkably resembled 
that of Sir Isaac Newton, was like it In exhibiting prominent eye- 
browns. The superciliary rid£;e in truth, projected very markedly 
80 as to overhang the eyes* if any man would have been selected 
by phrenological signs as the possessor of an exquisite sense of colour, 
Dalton would have been. Yet assuredly, if Newton and Dalton 
had been contemporaries, and had simultaneously published and 
compared their descriptions of the colours of the rainbow^ they must 
have been liopelessly perplexed to account for statements, so strangely 
conflicting, regarding a common object of vision.* 

The doctrine, accordingly, that colour-blindness depends upon 
the absence of that poitiou of the anterior lobes of the brain in 
which phrenologists phic.e their organ of colour, has not been sub- 
stantiated. It may be quite true, nevertheless, that there is a pait 
of the brain specially connected with the vision of colour^ as we are 
quite certain that a pail, and only a part, of tins organ is essential 
to the integrity of vision in gcnerah But the researches of physio- 
logists do not, as yet at least, justify the conclusion that any portion 
of the brain so situated as to impress its form upon those parts of 
the skull which can be examined during life, is peculiarly related to 
the sense of sight; and 1 etiteitain no expectation of further investi- 
gation lending more justification to the phrenological hypothesis. 
Colour-blindness is, in the great majority of cases, only partial, 
and although I diifer from most previous writers on tins sub- 
ject in regarding it as affecting the perception of the lighter and 
darker shades of all colours ; still it has been abundantly shown that 
the greater number of the colour-blind do not mistake yellow or 
blue when full and well ilkiminated ; nor have they any difficulty 
with white and black. If, then, an organ of colour is essential to 
the perception of blue and yellow, ex. gr. there seems no reason why 
the majority of the colour-bhnd should exhibit a deficiency of more 

* I have not trust etl to my own judgmect in referring to Dal ton's fore- 
head, although I have s&en hiiHj and have examined a east taken from his 
face after death, as well as many portraits tf hiiiu l>i- Henry, to whom 1 re- 
ferreiltlie liuestion, Had Dakon a proinment auperciliary ridge? informed nie 
in reply, that, onwilluig to trus^t im mnnory on the matter, he had consulted 
a copy nmde by ioachinery from Chautrey's faithful buet, and found the eye- 
brows strongly marked in it as he remembered them to have been on tlie living 
head. 
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than about a third of the hypothetical organ of colour, unless it be 
contended that it is mainly serviceable in enabling us to perceive 
red. It appears vain, therefore, to expect to discover the existence 
of colour-blindness by so rude an external indication, as the promi- 
nence over a small area, of one of the plates of the skull. But it is 
assuredly desirable that observations should be multiplied on this 
point, and that the condition of the brain in the colour-blind should 
DC carefully noted. 

I do not discuss the Retinal theories of colour-blindness minutely, 
for the greater number of them are either mere descriptions of tl^s 
aflFection of vision in the terms of a hypothesis which regards the 
retina as its seat, or they are speculations which connect such an 
assumption with views regarding the organization of the membrane 
in question, which neither admit of being confirmed or refuted. 
Many of those views are exceedingly ingenious, and well worth the 
attention of students of the theory of vision. They will be found 
fully and impartially discussed in Wartmann's Memoirs. But they 
lie too far beyond the scope of my present inquiry, which mainly 
deals with what is physically demonstrable in the ph^omena of 
colour-blindness to justify their discussion here, especially as they 
have little bearing on the practical questions connected with this 
affection of vision. I shall content myself, accordingly, with ex- 
plaining the theory published by Wartmann in nis second 
memoir, and with publishing a very interesting speculation on the 
same subject, for which I am indebted to my friend Professor 
Kelland. 

" I admit," says Wartmann, " with Harvey, Young, Jiingken, 
Miiller, and others, that its seat is in the retina, and I think it is 
produced by an abnonnal state of this nervous expansion of such a 
sort that it reacts similarly under two or more different coloured 
radiations. If the vibration (Sbranlement) caused by a red ray is 
identical with that which a green ray produces, there will be con- 
fusion of these colours. This theory is independent of every system 
destined to explain light."^ 

Wartmann then proceeds to illustrate his view more fully by the 
analogy of sonorous bodies. If, as he observes, a series of elastic 
surfaces unalterable by atmospheric variations, and each of which 
gives out a different musical tone when placed in communication 
with a sounding body, is arranged together close to a musical in- 
strument, frequently in use, at the end of some days it will be found 
that the note which at first threw into vibration only one of the 
elastic surfaces, will by and by produce the same effect upon a 
second, and thereafter upon several more. ^' Thus," continues he, 
" the elements of this system will have become modified in their 
facility of vibration, and by also resounding easily under the influence 

^ Deuxieme Memoire, p. 46. 
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of different tone^, tliey will resemble tlie retina of a Daltonian who 
contbunds different colaurs " An experiment is then described, in 
which tlie panes of a closed window wliich at first vibrated only 
uader the iufliience of certain notes or ton^ of a piano in tlie win- 
dow-recessj were by prolonged daily use of the instrument thrown 
into vibration by several additional tones to which at first they did 
not respond ; and conversely acquired their original indifference to 
these when the piano was left unused for fiix months* Accordhig 
to this vie w^^ the retina, to use Wartmann^s own words, "is in a 
state attalofjotis to that of an elastic system which two or more musi- 
cal tones throw into resonance with equal ease/*^ 

The theory of Professor Kelland, wdjich I subjoin^ w:is first ex- 
plained orally to the Royal Scottish Society of Arts^ in April 1853^ on 
the occasion of iny rearling a comtntmication on Colour-Blindness, 
and was shortly afterwards reduced to wTiting at my request.^ 

" An Attempt to Explain Chromatopsedddpsis, By the Rev- 
Philip KellanDj Professor of Mathematics, University of Edin- 
burgh, 

** On the nndnlatory theoryj liglit is due to vibrations^ and diflfer- 
ence of colour^ Hke difference of pitch in music depends on nothing 
else than the period of pulsiitionj or the time occupied by a vibrating 
particle in performing its oscillation. The whole scalt> of colours is 
coniprehended in something like the same Htnits as tlje octave in 
inusjc--tlie extreme vibrations being performed in times which are 
very nearly in the proportion of two to one. The sensation of a 
given colom' is therefore due to tlie reception by the retina of pulsa- 
tions of a given period* In what w^ay the i^tiua perfonns its func- 
tious we do not precisely know, A^ the instrument in conveying 
pulsations, it may be presumed itself to vibrate agreeably to their 
period. We si mil, accordingly^ regai'd it in its normal state, as a 
vihratiitg system capable of responding to pulsations of Qxery period^ 
within certain Ihnits, and of conveying to the mind the sensation which 
we term colour appropriate to each period. But in other states of the 
eye, this appears incapable of being effected. The retina, for instance, 
vibrates more readily in accordance with one period of pulsation than 
with another. Thus one eye may be very well disposed to respond to 

1 Op. cit.| p, 48. Wartmann's Deuxieme Memoire, from which these views 
are taken, was read to the Phy&ical Society of Geneva* on 9th Oct. 1848 ; but 
from H reference in that inemoir to a 5?econd edition of hh first pper on colon r- 
biifiducsSj contained In la bibhotUeqiie Universelle, the publication of the 
theory refeixed to goes back to June or July 1345. (Deuxieme Memoire, pp. 
2 and 45.) 

3 As a certam resemblance occurs between the theories of Wartinann and 
Kdland, it is proper to n:iention that the latter was not aware of the former's 
opinions till the autnmn of 1B54, when, on first becomings myself acquainted 
with Wartmann*s " Deuxieme Menioire," I showed it to Profeeaov Keliatid. 

O 
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\itiralions of the period of the yellow, so as to be powerfully affected 
by it; another ntay be ahiiost insensible to the red, so as to be 
scarcely able to discern faiiit objects of that colour. This ennstitules 
one form of chroniatopseudopsig. But a more remarkable form is that 
in M'hich the powei-ftd comyjlementary colours produce tlie Banie im- 
prt^ssiou on the mind. This would appear to be owing to the fticility 
possessed by the retina for starting into vibratifins of every period, 
when excited by those of one only, just as a musical pipe or stiing 
gives all the notes of the chord at the same time, or as the difterent 
strings of a harp vibrate wlieu only one has been struck- The 
retina, in this case, may be compared to a piano, or rather to one 
octave of a piano without damjiers i the sound of one note causes 
all the others to vibrate at the same time, but not with eqtial 
intensity ; the centre note between the note struck and its octave 
being most powerfully affected- Assuming this analogy to be 
cori'ect, we should expect to find that, in a retina so coniitituted^ 
every colour would be mixed more or less with its eompleinent- 
In the case of green or red, the complementary red or green 
respectively is of equal intensity with the original, and consequently 
the same impression may be produced on the mind whether the direct 
red raises up its complementary green or vice versa. On the other 
handj the powerful yellow having as its complement the weak 
puiide, we should not expect that it would be matter of indifference 
which is the direct agent and which the subjective impression. Ac- 
cordingly, we find many eyes unable to distinguish green fi*om red- 
but few apt to confound yellow with purjJe, 

^*To eyes constituted as I have supposed, those combinations of 
colour wliich by contrast produce the most powerfiil and pleajshig 
impressions on others ought to be rather unpleasing, since contrast 
of colour ui the one is replaced by difference of tone in the other. 
We have reason to believe that a similar phenomenon occurs relative 
to sound : we know, at least, that many persons are totally insensible to 
the plemurahle sensation of melody, but whether or not such persons 
experience a different impression of pitch from that which affects ordi- 
nary cars, has not probably been ascertained. Persons have been 
known destitute of the power of distinguishing one air from another, 
provided the x'hythm of both were the same, but whether this has 
arisen from mere dulness of discrimination of tones, or from a positive 
similarity of impression from tones wiiich, to ordinary ears are very 
different, has not, perhaps, been well investigated. It is not im- 
possible that the latter hypothesis is correctj at least it involves 
interesting matter for fiirther inquiry." 

The ingenious theories of the professors of Geneva and Edin- 
burgh will be acknowledged by all to assist ns in forming a clear 
and vivid conception of what may be the condition of t!ie colour- 
blind retina, and they very probably furnish not only a picture of its 
condition, but to some extent a fac-simile of its mode of abnormal 
action, Kelland*s theory is the more complete of the two^ inas- 
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much as it botli provides an explanation of that simple insensibility 
to a colour, such as redj which we do no more than name w4ien we 
caU it colonr-hlindness; and also of that confusion of colours with 
each other, whicli is likewise siniply named wlien it is called j Cliroma- 
topseudopsis : whei*eas Wartmann's tlieoiy only accounts for the 
latter. In the preceding seetionSj how^ever, of this paperj it has 
been showTi tliat there is a positive insensibility of the retina in 
many persons to red light^ wliich excites neither the sensation of 
luminosity nor of colour ; arid further^ that the dark shades of all 
colours, priniaryj secondary, or mixed, are not distinguished by the 
colour-bhnd from black, and that the yery light shades are not dis- 
tinguished from white. Apart thus from the tendency to contbund 
eolonrs with each other, there is, on the part of the colour-blindj a 
positive inability to perceive ceitain of these. Their vision of such 
eolonrs is not false or confused ^ they have no vision of them at alL 
The condition of a retina thus insensitive to colour appears more 
like that of a vibrating sonorous body which cannot be made to 
sound by strokes, or impulses of a certain intensity, than one which 
passes into vibratioa if any other elastic substance in its neigh- 
bourhood begins to vibrate. 

An addition, therefore, must be made to Wartmann's hj^othesis, 
and w^hether we adopt Kelland's theory^ or notj we seem to be fully 
entitled to affirm that the cerebro-retinal apparatus of vision in the 
colour-blind is, either through congenital defect, or subsequent 
morbid change, unendowed with that sensitiveness to coloritic im- 
pressions wdiich it possesses in those whose vision is normal. It is 
probably the retina that is the chief seat of this diminished sensi- 
bility to colour, and the simpler form of colour-blindness miglit fitly 
enough be called ckrotnatie amaurosis* 



YL — ADVAl^TAQES AND DISADTANTAGE8 OF COLOUE-BLIHDNES& ; 
ITS PRETENTION AND CURB. 

In discussing the evils (which must take precedence of the advan- 
tages) of coloor-bhndness, I do not propose to enumerate minutely 
the disadvantages which it entails on its snbjectSjbut to confine my- 
self to certain of the more formidable difficulties or dangers in which 
it involves both themselves and others who trust to their judgment 
in reference to colours- 

It will be convenient to discuss the subject under three divisions, 

1. Does colom'-blindness adrmt of cure f 

2. Does it admit of temporary palliation or correction ? 

3. For what professions u coluur-hlindiUEg a disqualijication f 

1, Does colour-blindness admit of cure? 

Congenital colour-blindness is certainly incurable ; and the case 
of Mr B- (anfe p. 39) shows that when induced by injury or 
diseasCj it may bucome as irremediable as if it had been an inherited 
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peculiarity ; but certain forms of this aifection are transitory and 
admit of cure. 

Mackenzie, Wartraann, Ruete, Cunier, Boys de Loury, W. 
Cooper, and others, have recorded cases of temporary colour-blindr 
ness resulting from " congestion, hepatic derangement, and dys- 
pepsia,"^ which disappeared under appropriate treatment. Such 
cases are probably very common, and appear to exhibit the same 
phenomena as congenital cases, from which, indeed, they differ 
only in being temporary and curable. 

An opposite opinion, so far as ]>ennanent colour-blindness is con- 
cerned, has been expressed by Dr Pliny Earle (himself a member of 
a family in which seventeen cases of this affection of vision ha^e 
occurred), but, so far as appears, he only contends that ** a succes- 
sion of years modifies the Daltonism of the same individual," with- 
out stating in what way, and to what extent, advancing years in- 
duce a change.^ 

So far as I can ascertain from the examination of the cases of 
colour-blindness within my reach, the amount of modification in 
the perception of colours, induced by age, is inappreciable, even 
though no allowance be made for that alteration in all the powers of 
vision which time produces on every eye. Thus : Dalton was cer- 
tainly as colour-blind at the Oxford meeting of the British Associa- 
tion in 1832, where he compared the colour of his scarlet D. c. L. 
gown to that of the leaves of trees, as in 1792 when he first dis- 
covered his colour-blindness; nor did any change, so far as his as- 
sociates were aware, occur in his perceptions of colour up to his 
death in 1844. Mr Milne of Edinburgh is still (October 1854), as 
colour-blind as he was when Mr Combe described his case thirty 
years ago,* and as he had been for years before his case was 
described. Prof. N., whose case I have referred to previously 
(ante p. 33) was examined as to his perception of colour, some 
thirty years since, by Sir David Brewster, who has recorded his 
case. He writes me recently, " I am under an impression that some 
change in appreciating colours took place in my eye between child- 
hood and youth. As a child, red gooseberries seemed to me alto- 
gether blue, so far as I remember ; latterly I have observed what I 
fancy red in this variety of fruit :'* and again, " I suppose sometimes 
that I can distinguish red in some objects, but probably this is f5rora 
knowing that they are usually of this colour :" but he adds, " at 
any rate, I am quite sure I should make a dangerous railway signal- 
man, as I most certainly would not know a red flag from a green 
one." This gentleman further states, in answer to some queries, 
that pink still appears to him by daylight blue, and by gaslight green, 

1 Wartmann, 2*** Memoire, p. 20. W. W. Cooper, article Vision, Cycl. of 
An. and Pliys. 

^ Amer. Jottrn. of Med, Sciences, 1845, quoted in Wavtmann's 2^ Memoire, 
p. 46. 

3 System of Phrenology, First Ed., Art. Colouring. 
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and that he continues to confound carmine-red by daylight with 
blue. There pkinly lias been notliing deserving the name of im- 
provement in his case. 

^ Lasiiy, thft Countess of D.j whose case has been described pre* 
vioaslvj as it showed itself in 1853, has not appreciably altered in 
her colour-blindness since its peculiarities were described by Wol- 
laston many years ago. 

Those cases may suffice to illustrate the permanency of tins aflTection 
of vision ; but tliey are not singular. Among my colour-blind ac- 

Suaintances there are probably none who would not sacrifice a great 
eal to see perfectly ; and nearly all have endeavoured toctire tnein- 
selvesj of their visual idiosyncrasy, but not one reports a cure, and the 
hest educated anvl most observant among them arc the most decided 
in declaring tliat they have given up all hopes of amendment. 

It is difficult to convince many that this conclusion is a just one. 
Those whose own sense of colour is delicate, and who are led hy 
taste or profession to live much among coloured objectSj are slow to 
believe that any eye can be so peculiar in its endov?ment, as to make 
the blunders which the colour-blind do, even in reference to what 
they would call *^a staring" red or green. Such eoloui'ists insiiitj 
that carclessnesSj indifference, or improper education^ hcs at the 
bottom of the mist^dces which the "supposed" colour-blind make, 
and profess themselves willing to undertake their cure; of which, 
however J they record no case. 

I have no doubt that a certain amount of improvement in the 
ju figment of colours may be induced iu most colour-blind persons, 
who have not attempted self-education in reference to their chro- 
matic perception Sj or been unconsciously led to study colours. For 
as they generally perceive blue and yellow %vithoiit difficulty, and 
distinguish, within certain limits^ the tints and shades of many 
colours, their jierception of those must, and certainly does^ admit of 
^improvement by education. But this improvement does not lessen 
their tendency to confouml certain colours and certain tints and 
&hades. When we find an engraver who, for the greater part of his 
life has been gazing all day at paintings, purchasing a red window 
curtain for a green one : a tailor, whose eye has been for hours daily 

J fixed on cloths of very varied colours, matching green tape with 
ijicarlet linen, at the risk of losing his situation : an experienced 
field-geologist compelledj when sun^cying a red sandstone district, 
to take a companion with hitn, to point out where grass ends and 
sandstone begins : and a teacher of chemistry evading, as much as 
possible, the questions of his pupils concerning the colours of bodies; 
we cannot doubt that after education has done all that it can towards 
developing the sense of colour in the colour-blind, they remain as 
helplessly prone to make their characteristic blunders as before. A 
crowning example of this has recently presented itself to me* In 
the establishment of a painter and glass-stainer, w ho is an obstinate 
disbeliever in the existence of colour-blindnesSj niy attention was 
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recently directed by his fellow-workmen to a youth, who tad been set J 
to re*paint tlie devices on the shafts of a sheaf of arrows. Tliese , 
d«vjcesj condstiiig of alternate circles of red and greeiij had not been J 
effaced, bat only dulled ; yet the painter executed his task by paint- '] 
ing all the red rings f/reen^ and all the (freen rings red. The case 
was remarkable for the diiect reversal of the colours in question, 
and this by one ^^iio had tlieni before bim to compare, both on lii^i 
palette and on the arrows. Yet the party who committed ilm mis- 
take was an excellent di^augbtsmanj niucli esteemed by his master, 
antl surrounded at his daily work by splendid specimens of stiiined 
glass. The mistake which he made soon ceased to be a solitary 
one, for his fellow- workmen bavin f^ shiee its occuii*ence, put him ta 
the test, found him uncertain in Ins judgments of many colours, antl 
on examining him I found him commit the characteristic errors of the 
coloiui'-hlind. Herej then^ was the possessor of an educated colour- ^ 
blind eyCj making such mistakes^ as no normal-eyed person, however 
uneducated his power of vision might he, could or would make. 

Education, then, can do nothing towards curing cototir-blindness, ! 
nor in tmtb can anything else, Dr Trinchinettij an Italian physi- 
cian j believing that the seat of this affection of vision is the crystal- 
line lens, gravely profwses its extraction^ as a radical cure of the 
evil ! I would not refer to this proposal, which requires no formal 
condemnationy were it not that I have met with a case which ap 
pears to prove (what needed^ however, no proof) that colour- j 
blindness wonld survive removal of the crystalline lens. I 

I have recently been visited hy Mr J,j who has had both lenses 
removed for cataract. The one lens v;as removed some years 
ago, by Dr James Duncan of Edinburgh ^ the other recently 
by Dr Maciiiurdo of London, His vision is good^ and Ins ordinary 
[jerception of colours normal, hut in reply to some casual questions 
on these points, he surprised me by stating thatj whilst sufieringi on 
a recent occasion^ from vertigo (to occasional attacks of which he is 
subject), he was astonished to perceive that all the persons he met 
in the street were dressed in tjreen^ '^recalling," as he said, *Hhe 
descriptions of Robin Hood's men/' This fiilse perception continued 
for some hours, and has since on several occasions returned. Here 
a susceptibility to colour-blindness remained, though the lenses were 
gone, and had the affection been congenital j instead of temporary, i 
we may justly infer that it would have equally remained- 1 

2. Does colour-hlindjiess admit of temporary palliation or correction ? 
As colour-blindness is certainly incurable^ the possibility of palli- 
ating or temporarily remedying it becomes an in>poitant question, 
and the prospect of a satisfactory answer is far from hopeless. I 
sliall discuss, first, the methods of assisting the colour-blind which . 
have been profKJsed by otherS| and afterwards suggest certain which 1 
have occiu*red to myself. 

I l¥artinann, 2^* Memaire, p, 38. 
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!• Comparkoji of douhijui with known colours.— A. means of 
guarding against mistakes, relative to colours, which is un question- 
qjily of" some service to the colour-blind, is the reference of doubtful 
Lues to a cfirouiahc scale, accurately tiotecl and named. But tins 
means of correct! ni^ error soon finds its limit, as the mismatehintTs 
of red with green, oiive with brown, and purple with blue, charac- 
teristically made by the colom-blind (altliough both colours are pre- 
sented to the eye together), are sufficient to show. And, in truth j 1 
stroiif^ly suspect that the first chromatic judgments of the colnur- 
blind ai*e often more trustworthy than their later ones, and that in 
general they are at least of equal value* This remark sj^ecially 
applies t4j the confusion of red with green, whei'e each so rapidlv^ cails 
up its complementary to the colour-blind eye, tliat it is quickly dis- 
ableti fj'om determining wliich was the primary and which its com- 
plement. 

2. Protracted ga^^inff on coloured bodies. — Szokalski and Seebeck 
have reconmiended, as a means of ameliorating the condition of the 
colour-biind, their steady gaiiingj first, on a coloured surface, and then 
on a white or black one,^ but irom what lias been stated in the pre- 
ceding section, and previously in reference to the general education 
of the colour-blin<!, this proposal seems of no value ; nor is any proof 
offered that it has been of service, 

3, Use of coloured transparent media.— It has occurred to various 
observers that assistance might be afforded to the coloni'-hlind by 
causing tliem to look through colcmred transparent media at the 
colours w^hich were doubtful to them. Wartmann observes on this 
point : *' There exists a veiy easy means of rectifying, to a certain 
extent, the error of the ajijjollation of colour. This means consists 
in examining colon red objects thro ugh a transparent medium, as a glass 
or a liquid of a certain knov\n tint. Suppose this tint red j the impress 
sion of a green body and of a red body the same at fir?it to the naked 
eye, will become manifestly distinguished by the nsc of the trans- 
parent screen. This method appeal's to ha\'e been prai^tiscd for the 
first time by Professor Seebeck, the father, towards the year 1817. 
Nothing can equal the surprise of a Daltonian w hen the errors which 
he commits every day in the appreciation of colours are thus dis- 
elosed to him, Unhappily the tint of the coloured glasses and their 
number cannot be prescHbed in advance ; the impossibility of a 
rigorous classification of the in numerable varieties of Daltonism 
obliges us to choose them a postenot4 for each particular case* We 
may add, that their employment only remedies mistakes in the specific 
nature of colours, and leaves in general those wliich apply to one and 
the same tint."^ Dr Steebach has carried out this proposal the 
length of reco m men ding tli e n sc of col our cd s p ectacles p^"^ Trm c h i n e t ti 
advises that the glasses should be of the colour which is tlie comple- 

1 Wai'tmaun^ 2**"^ MemoirCj p* 60. 

- Taylor'ta Scientiiic Memoirs, 1646, p, 185. 

^ WiirtiimtiD, 2«*e MeuT.j p. 60. 
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ment of that liable to be seen ftlsely,^ To this M^artmann justly 
objectSj because "Dahoniaiis do not judt^ correctly of coiiiple- 
meiitary colours;'* but iiis own proposal to employ ti'ansparent media 
of otber colours is liable to as ^rcat objections. 

I am far from wish nig to affirm that a colour-blind pei-son may 
not be aided in correcting bis chromatic errors by such a use of 
coloureil glasses as Seebeck and Wartmann recommend, but after 
many trfals with my colour-blind acijuaintauces 1 have found none 
who could turn the suggestiou to practical account. My trials have 
been chiefly made upon those who cotiibunded red with green, to 
whom Wart maun, in illustrating the use of coloured transparent 
media, specially reters, but I have met with no success. Nor doea 
this suq>rise me ; I should have been surprised had it been otlier- 
wise- How could it be expected that an eye to winch the same glass 
seems sometimes redj sometimes green, should be assisted in distin- 
guishing between opaque bodies of these two colours by looking 
through the glass? The colour of the glass is not a constant quan- 
tity for the colour-bHiKb any more than the colour of the bodies 
looked at through the glass. If the last were actually red, and 
appeared of this tint to a colour-blind eye looking through it at 
redj the latter, we may presume, %vould appear redder; but if the 
glass appeared green whilst looking through it at red, this w^onld 
probably also appear green, for the same cause (w^hatever it be) 
which falsified the colour of the transparent medium, would falsify 
that of the opaque one. The only coloured transparent media %vhich 
can be expected to serve the colour-bfind are such as do not alter 
in apparent colour to their eyes^ and the choice must therefore he 
restricted to those which are blue or yellow- 1 shall presently seek 
to show* that yellow media promise to be serviceable, but the con- 
sideration of this belongs to another place. 

4. Emphi/ffwnt of touch to diHtimjimh colours*- — Wartmann has 
pointed out the interesting factj that in one well marked case^ a 
colour-blitid person *^ corrected by the hel[j of touchy a part of the 
erroneous judgments which he formed regarding colours,'*^ and he 
had reason to believe that several otber " Daltonians" were similarly 
endowed. 

The first example of colour-blindness I encountered (Case IL, 
Mr P.) possessed the power in question to some extent, and I found 
it useless to show bim the same pieces of coloured paper more than 
once, as he recognised them tlje second time, but notj as he dis- 
tinctly declared, in virtue of the coloured impression they made ou 
his eye. It was only in part, bowe\'er, by touch that he effected 
this recognition^ for slight differences in shape, accidental rough- 
points, folds, wrinkles, and the like, caught his quick eye, aniT 
assisted bim in reaching his conclusions. It seems to me exceed- 
ingly probable that this gentleman^ whose sense of touch was prac- 



1 Ibidj p. Sa 



» gde MemoiWi p, 35. 
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tised aiid delicate^ could have taught himself to detect by means of 
it differences between pieces of paper^ cloth^ linen, siLk^ and the like^ 
•dyed with different substances. The physical properties of pig- 
lents are sufBciently diverse, to alter in dififerent vvaya the surfaces 
or substances which they ctilour. WoolSj eis^ gr.f dyed with certain 
compounds are much harsher to the touch than those dyed with 
others ; the mineral pigments^ such as Prussian blue, or chromate 
of lead J in general producing rougher surfaces than the organic 
dyes, such as indigo. A wool dyed with a mineral green might 
thus be distinguished by the tonchj from one dyed \vith a vegetable 
red, although the colour-blind eye could detect no diflerence between 
their tints, 

TJiese conclusions arc strengthened by a consideration of the fact, 
that even among those who are totally bliodj examples occasionally 
occur of a power to distinguish colours by the touch.^ The fact haa 
been denied. But many of my readers must have seen the power 
in qiiestion exercised by a blind man in Stirlingj whom I have fre- 
quently conversed with in my boyhood- He was regarded as one 
of the celebrities of the place^ and was brought to strangers to earn 
a small fee, by telling the colour of their dresses by feeling them* 
This I have seen him do with men's dresses promptly and 
correctly.^ 

It seems quite }>ossible accordinglyj that colour-blind dyers^ 
weaver Sj clothiers^ and other workers among textile fabrics, may use 
their fingers to correct the errors of their eyes ; and fuitherj that 
the keen vision which (colours apart) they generally possess may, 
acting in unison with touch, turn to account those superficial^ inter- 
stitialj and molecular difiereuees which are the concomitants of 

»* Wartmaniij 2de Memoir e, p. 36, gives & list of referencea to the published 
cases, amounting' to some three, but thinks the existence of a tactile dlscriiLii- 
nation of coltmra not yet sufficiently established. 

* Alexauder Lyon, the party refened to in the text, familiarly known in 
Stirling as Blind Alick, was horn in I761j and died in 1836. A sketch of him 
is in existence from the pencil of George Harvey. He lost hia sight in early 
infancjj and grew up untutored till he was eighteen years old, when the indi- 
cations which he displa^^ed of a very retentive memory, led to his being aent 
to school, through tiie interference of some benevolent friends* Heia lie 
acquired an acquaintance, belicyed to be complete, with the contents of the 
Bible^ through hearing it read, verse by verse, by his schoolfellows ; and in 
after life he could repeat any portion of it on a moment a warning. His know- 
ledge in this respect was often tested, but was never known to fail. It was 
the fruit sokly of a powerful memorjj exercised upon the only book which he 
had the opportunity of hearing largely read in his early days, and did not 
imply any regard for its precepts; of which his life was a daily contradiction. 
So far aa I can learn, he acquired the power of distinguishing colours by mani- 
pulating the dresses of his fichoolfellows, as a means of distinguishing them 
from each other, when they tried to deceive him as to their identity, by using 
feigned voices. It does not appear that "he could indicate the colours of silk 
or cotton fabrics by touching them,*' as I learn from Mr Shirra, an intelligent 
draper in Btirling, who knew Blind A lick well, 

r 
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diflferent coloursj in consequence of these inhering in different 
chemical compounds.^ 

In addition to the methods of mitigating colour-blindness which 
have now been discussed, I suggest the two following, the first of 
which, at least, is probably of more importance than any as yet 
made known to us. 

1. Substitution of artificial light for daylight in the examination of 
colours. — The very striking difference between the aspect of certain 
colours to many of the colour-blind by daylight and artificial light, has 
been so fully referred to previously, that here I only discuss the prac- 
tical application of the fact. The colours whose aspect varies most, 
are red (including crimson and scarlet) as contrasted with green ; 
and pink, crimson, and other tints or shades of purple (especially 
red-purple), as contrasted with blue. 

It is only some among the colour-blind who report themselves as 
seeing colours thus differently by different Hghts. But the number 
thus circumstanced is large, and the conclusion to which Dalton 
came, that there was much less discrepance between the judgments 
on colours of the colour-blind and of the normal-eyed, by candle- 
light, than by daylight, probably admits of wide application. 

It is at least certain, that to very many an alteration in the quality 
of the light by which colours are regarded, causes these, as Dalton 
expressed it, to be "astonishingly changed." Supposed greens 
become by candlelight, reds; and blues are turned into pinks and 
crimsons. The contrast in appearance under the opposite illumina- 
tions is so great, that among the cases of colour-blindness which I 
have recorded, there are as many as six persons who have dis- 
covered that they could mitigate their peculiarity of vision by the 
employment of artificial light. Thus, Mr N., Prof. Y., and Dr E., 
have resorted to candlelight as a means of increasing their enjoy- 
ment of flowers, which, if crimson, appeared, when seen by it, much 
richer in colour than by daylight. Dr Y. has discovered that by 

^ Since writing the above, I have received the following communication 
from Mr Shirra, referred to in the preceding note. It supplies a confirmation 
of the conclusions in the text all the more valuable, that it was written in 
total ignorance of my opinions, and not in answer to any queries. 

" I nave heard of a woman, blind from her infancy, residing in Cambns* 
bams, who practised the occupation of a * pirn-filler ' (that is winding yam 
on bobbins). Her sense of feeling enabled her easily to judge of the different 
sorts she was engaged with. If she were winding blue, and had finished one 
spindle, she would lay her hand on the next spindle, and could tell easily 
whether it was blue, green, purple, scarlet, or black. White she distingnished 
by her sense of smell, it being * smeekit,' or fumigated with sulphur. 

" I have heard that practical dyers are able to distinguish coloured yams by 
the sense of touch, as well as the sense of sight, some peculiarity being im- 
parted to the wool by the combination of substances used in dyeing, which 
gives it a peculiar character, sufficient to be known by mere contact." 

It will be seen that wool alone is referred to in this statement. The colours 
of linen, cotton, silk, velvet, and tlie other fine-thread fabrics are plainly much 
less easily detected by touch than those on wool. 
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frasligJit he can profit hj clironiatic distinctions^ which are lost upon 
lioi by day, ^Ir E, can recognise, by lampli^htj vedsj wbicli he 
mistakes for greens in the sun ; and most striking of all, Mr S.*s 
friend (ante p. 34), who deals in coloured goods/ has long been 
in the habit of appealing to a gas-flame in a dark rooiUj to decide 
betvv^een scarlet and green, atid crimson and bine. Those cases 
are sufficient to show that every colour-blind person may find it 
worth while to try the effect of artificial light in correcting his 
false visual perceptions, 

Wliat quahty of light is best fitted to secure this correction 
remains to be determined, and an inquiry into the matter could not 
fail to supply much interesting information. From a few trials, I 
feel satisfied that the whiter and more intensely luminous artificial 
lights, such as the lime-ball and the electric charcoal light^ induce 
the same confusion in the perception of colours as sunlight does. 
I Between the ordinary artificial light^j there is not apparently an 
appreciable difference, but candlelight alone, has been specially 
examined. Dalton ascertained that in the prismatic image of a 
candle-flamej the red extremity was much more vivid than that of 
the solar spectnimj and fi^om the mode in which he refers to the 
candle spectrum, it seems certain that tliere was no such dark shade, 
or dimly illuminated baud at its leas refrangible endj as there was 
generally to his eye in the spectrum of the sun. 

It should thus seem that to the colour-blind (in so far, at least, as 
they are represented by Dalton ), tlje red rays of a candle-fiame are 
visible, to an extent those of the sun are notj and in consequence 
red bodies are much less liable to be considered gi-een ; and pink, 
or crimson bodies^ to be considered blue by candlelight than by 
daylight. 

In speciilating on the cause of this difference, ^'rith a view to its 
practical application, we cannot fail to recognise as chiefly import- 
ant, the feeble intensity of candlelight as compared with that of sun- 
light, and the unlike ratios in which the colom^d rays are distributed 
in the two kinds of light* So far as luminous intensity is concerned^ 
the difference is immense, and as one peculiarity of the colour- 
blind eye is to see no colour in very lightly tinted bodies^ Le.j where 
much uncoloured light simultaneously falls upon the retina; and 
another is to peix;eive form and outline by very faint Hglit, we may 
attribute in part the improved vision of the colour-blind by a candle, 
lamp, or gas-flame, to its feeble intensity compared with sunlight- 
It is phihij however, from the case of Mr N. (ante p. 29), that 
if the mtensity of the Hght fall below a certain point, then the reda 
Tjvtich were formerly seen, change into black, or become totally in- 
visible. There is a practical limit thus set (varying no doubt with 
each eye), to the employment of faint light as a means of assisting 
the colour-blind. 

It is to the chromatic qualities, however, more than to the feebler 
luminosity of artificial light, that we are probably to look for the 
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service which it renders those whoso vision of colotirs is abnormal ; 
for it does not appear (though perhaps the matter has not been suf- 
ficiently investii^aled) that there is any degree of intensity of solar 
light by wluch they make fewer mistakes than by full daylight; 
whOstj on the other handj it has been iidly shown that in twilight, 
even the normal eye betrays, in a minor degree, that blindness to 
red which is so characteristic of chromatopseudopsis.^ 

The colour of ordinary artificial light is sensibly different from 
that of dayliglit, compared with which it is yellow or orange ; in 
other words the propoition of blue rays is smallerj and of yellow 
and red rays larger than in daylfght. It seems probable^ ac^ 
cordinglj, that the preponderance m aitificial flames of yellow 
light to which the colour-blind eye is keenly sensitive is a great 
cause of its better vision by such flames; but the presence in 
these of red rays which impress the abnormal organ of vision, as 
the red light of the sunbeam does not^ must also largely contribute 
to the improved perception of colours. There must also be some 
proportion of red and yellow rays> in other words some quality of 
aj'tificial light^ best fitted to approximate to normality^ the \ision 
of the colour-blind* That In a candle we have this quality of 
light at a maximum is matter of surmise, and experiment alone can 
show among the artificial lights in ordinary use which approaches 
most nearly to it. The colour-blind could largely assist themseh'es 
by comparing their arrangements of coloured objects by different 
flames with a settled chromatic standard ; and others could assist 
them by noting what colours they saw in the prismatic spectra of 
such flames. I have but one fact to mention in reference to this 
question. In the course of the trials made along witli Professor 
Kelland on the visibility of the red end of the solar spectrum to 
the colonr-blind, the opporttmity was taken to test the vision 
of those present by a soda-flame^ fed with oxygen, and made to 
illuminate wall papers of very varied colours. ' To tliose regard- 
ing themselves as normal-eyed^ these became all undistinguisbable 
greys, whilst Dr Y* and T. R, saw, as they declared, many coloui^j 
and pointed out two sectors of a seven-tinted circle 2iS green: the 
one w^as green, the otlier red, so that they seemed to see colours at 
least as well by the soda-flame as by daylight,^ 

1 Very bright and very faint light both diminish the senrntiveneaa of the 
colour-blind eye to colourt and therefore there must be a point of medium 
lumiaoua intensity, where coloura are best seea by it j but as the repoits of 
case« of colour-blindnesa, in eflfeet record the sum or mean of the expenenee of 
its subjects under ali ordinary intensities of Itght, and register their most per- 
fect judgments, it is plain tlmt the difference between their teat and worst 
dectsiong on colouraj by light not extremely briglit or faint is small; not 
greater^ certainly, than that between the similar decisions of those whose viaion 
is normal. 

* A pom t of much interest in connection with this subject, Imt on which I 
can commimicate nothing certain, is the extent to which the iubstance or 
texture of a coloured body, and the nature of the dye, affect its i?elation to 
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It is not probable, howeverj that tlio different colour and lesser 
luminous intensity of artificial lightj are the only causes of its use- 
fulness to the colour-blind* Much of this may defend on tlie dif- 
ferent amount and intensity of the themiic and actinic forces in light 
from different sources, which assuredly varj^ immenselyj and^ as 
yet, have been imperfectly measured in most cases. 

Further, two flames may have the same colour, and yet contain 
rays of very different refrangibilities. Thus the extra-spectral (or 
fluorescent) rays of Mr Stokes are greatly more abundant in some 
blue flames than in others (as they also varj^ in colourless flames), 
and two of those which to the ordinary observer appear iden- 
tical, will, nevertheless, affect the eye (normal or abnormal) veiy 
differently, for, whatever theory of litrht we adopt, we must supfwse 
that rays so unlike in their refrangibihty, as the least refi^angible 
blue of the visible solar spectrum, and the most refrangible blue 
of the extraspectral space make a different impression on the retina. 
The same remark applies to rays of other colours, and trial can 
alone decide how their distribution in a flame affects its influence 
on the colour-blind. 

2. Emplopnent of yellow or orange transparent media to reduce 
daylight to the quality of ordinary artijicial light. — If artificial light 
assists the colour-blind in distiuguisfiing colours, it should seem 
possible to correct their daylight clu-omatic errors, by conferring upon 
the light of the sun the properties (whatever they ai'c) which enable 
artificial light to restore col om'- vision to the colour-blind. 

It seemed possible to effect this to some extent by passing day- 
light through yellow or orange media^ and^ accordingly^ I obtained 
four pieces of glass stained with oxide of silver, and transmitting a 
pale yellow or orange light. They are referred to in the scfjuel as 
1, 2| 3} and 4, being numbered according to their intensity of colour 
from the palest to the deepest. Two of them, 3 and 4, appeared 
yellow when looked through, but reflected from one surface a bluish- 
green light. These glasses, as will presently appear, proved of most 
service to the colour-bhnd.* 

solar ami artificial light as seen by tlie colour-blind. From what we know of 
normal vision, howevei-, we may mfer that silk and w-ool, €3^. gr, of the same 
colour by dayhght, will not necesaarilyj to their eyea, undergo the same kind 
and aniount of change by candlelight. Thusj green silks and wools, which 
by daylight match very well in the estimation of the normal-eyed, often prove 
very indifferent matches by gaslight^ owing partly, doubtless, to the difference 
of textile arrangement, partly to the difference of dye. I have recently been 
shown a lilac silk ribbon which to those (all of normal vision) who have seen 
it by daylight, appears to match closely with a lilac worsted. By gaslight, 
however, the latter becomes a cold grey, harshly contrasting with the silk 
which appears less brilliant, but otherwise little altered in tint. The colour- 
blind, we may be certain, liave similar experiences, and w^e must not wonder 
if artificial liyht a^siata them more in seeing certain coloured stuffs than othera. 
* Mr Stokes refers the twofold colour of ailver-stained glasses almost entirely 
to a /a ?s<! internal dispersion of light, and not to that true dispersion which 
he aaa named /«<?r^jc^n<?c (0» Me Cliangt of Refrangihiliiy of Lig/d. By G. 
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Specimens of the fuur glasses were sent to Professor Y,, JMr 
R., and to the colour-blind friend of Mr S. (ante p, 34*) Professor 
Y- derived no benefit from them i Mr E. found two of the falsely 
fluorescent ones of some use, and they were markedly serviceable 
to Ml* S/s friend. 

Mr E. writes, — <'I have dtdsiyed repljnng to your letter until I 
could give your experiments a fair and equitable trial. The glasses 
(all of them indeed) deepen or rather brigliten the reils, but do not 
atfect the greens so much. I ean distinguish the reds by the aid 
of the glasses much better than I can the greens." 

In a second letter he adds, — ^* Yesterday and to-day being veiy 
bright daySj I have tried a series of experiments with the yellow 
glasses^ and in all cases found No. 4j the most decided and ceitain in 
its results. No. 4, you will perhaps rccollectj is a combination of 
two colours, one on each side of the glass. This gave a decided 
and very marked difference between red and green. Scarlets it 
made very bright and light, while crimsons were made decidedly 
red and fiery/' 

From Mr S. I received th<3 following statement written by the 
party (ante p. 34)^ who was in the practice of resorting to a room 
containing a gaslight to distinguish between scarlet and green, and 
crimson and blue, '^ With the glass marked 4, I ean see bright 
colours nearly as well as by lamplightj so that I can see the same 
difference between green and scarlet, and crimson and blue^ as by 
artificial lights but it being rather dull I cannot see any but very 
bright colours* With No, 3 I can tell which is greeuj but not quite 
so well as with 4; Nos. 1 and 2 are of very little use." 

Thin?e additional pieces of glass, all to some extent falsely fluor- 
escent, but paler in tint than No, 4, were sent, and w^ere thus re- 
ported on : — 

** I find the last three pieces of glass answer admirabl/j as they are 
clear, and show the colours almost exactly the same as they appear 
to me by lamplightj so that I can easily see the difference in most 
bright colours 

" All three of the pieces show a difference sufficient for me to 
know green, but No. 3 makes green look nearly black, while red 
looks brighter.*' 

It wdll be seen from those statements that there is a prospect of 
success from the use, by the colour-blind, of glasses tinged yellow 
or orange, or of window-screens of these colours for rooms in whicli 
coloured things are to be examined ; how far the false dispersion of 
the glass affects its iitility I cannot determine- 

Stohm^ M.A.f PhU. Trans. 1852 ; and R. Hunts JR^earche^ £>r» Li^hi^ 2d ediL 
IBS^p. 3)2J ; but the latter phenomenon was diapJaved to some extent by 
the glasses alluded to in the text, wbkh were coloured thtoughout their entire 
thicknes^j. The mass o£ the glass owes its tint to a silicate of the oxide of 
silver which becomes wholly or partially reduced to the metallic state at one 
surface during the process of staining, rather as an unavoidable result^, than as 
•V thing aimed at hy the ptiiiner. 
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I have not Included tho proposal just discussedj in the consideration 
of the suggested use of coloured glasses hy other writers, because 
it was not the chromatic character of yellow transparent media 
which led me to suggest thern, but their power to coutbr upon day- 
light sent through them, certain of the properties of artificial Hghtj 
as this affects the colour-bUnd eye. 

That the colour of the modified light is one cause of its action on 
the eye cannot be questioned, and Sir David Brewster's opinion 
that yellow light lias a special exciting power over a torpid retina^ 
may be fitly connected with this conclusion ; hut on tbat opinion 
I do not buihl niuch, nor w^as it known to me, when I au^ested 
the use of silver-stained glasses to the colour-blind. Their eyes are 
not torpid, but| so far as perception of form and outline is concerned, 
pretei'natnrally sensitive to the action of light ; nor do suffeiH?rs fit>m 
ordinary amaurosis see better by candlelight than daylight, but the 
reverse, 

I do not refer to these matters because the theory of the beneficial 
action of yellow glasses is practically impoiiantj but because I wish 
to impress upon the reader that it is not the mere colour of a glass 
or other transparent medium^ that is to be regarded as tlie criterion 
of its probable utility to the colour-blind. The latter (and I only 

Erotess to assist those among them who distinguish colour better 
y candlelight) must select transparent media for themselves, pre- 
ferring those, whaiever their colom\ which cause dayhght transmitted 
tlux>ugh them, to appear as artificial light does 5 and it must not be 
forgotten that the chemical composition and molecular structure of 
sudh media, on which their relative transparencTr fluorescence, 
diathermancy, and power to transmit or arrest actimc ft>rce depend, 
are probably of as mucli importance as their colour* Thus \ of four 
yellow glasses stained respectively with uranium, silver, iron, and 
organic matter, it is probable that though their tints may l>e the 
same^ they will not be of equal service to the colour-bUnd ; for the first 
is highly fluorescent, the second moderately so, the third and fourth 
scarcely at all ; and a similar remark is applicable in some degree to 
glasses stamed with the same substance, but difiereut in structure 
and composition. 

Further, we must not expect to make other than an imperfect 
approach to the conversion of daylight into artificial Hght^ by trans- 
mission of the former tlirough coloured or other media, for we are as 
yet veiy ignorant of all the points of difference between them. 

3, For what professioTis is colour-blindness a disqualijication f 

The little which art can do towards palhating colour-blindness, 
and the hopelessness of curing it, demonstrate the necessity of ex- 
cluding from certain proiessions, where tbat is practicable, those who 
suffer from it< Children in whom it is discovered should be dis- 
suaded from callmgs such as the house-painter's, the dyer's, and 
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ON RAILWAY AND SHIP SIGNALS IN EELATION 
TO COLOUR-BLINDNESS.* 



In the account of tbe researclies on colour-blindness which I 
have had the honour of submitting to the Royal Scottish Society 
iof Arts, I Imve repeatedly referred to the dangers which 
might result from the signal-men at railway stations, or on 
board ship, being colour-blind, and in consequence making 
mistakes in the exhibition or interpretation of coloured sig- 
nals. I propose, in tbe present paper, to enter more fully 
into this subject, and to consider how the evil may be less- 
ened or remedied* As it is desirable, moreoverj that this com- 
munication should be complete in itself, I shall commence by 
dogmatically/ announcing the chief facta connected with 
colour-blindness, referring the reader who wishes confirma- 
tion of the following atatements, or additional information on 
the subject, to the works mentioned below.'' 

^ Eead to the Royal Scottish Society of AtU, 8tb Jatmnrj 18S5 
3 1. Extraordinnry Facta relatUig to the Vision of CoUmrs- Bj Mr John 
Dmlton, Mem. Lit. and FbU. Soc, Manchester. Vol, v. 1798. 

2, Wartjimnn, Ist Memoir od DaUoni?ra or Oolour-Blindiiegi, tratislatcd in 
Ta)^lor'» Scientific Memuirs far 1S4S j 2d Memoir in '* Deujcieme M^moke a up 

j_le DaltoniiJiie. Geneve, 18^9," 

3. Cornhe'i Phrenology, article Colouring. 

4* CjciopEediii of Anatomy and Physiol ogy^ artkle Via! on. 

6. \\\ White Cwjptjf oti Vision. 1863. 

6. Dr G. Wilson, Edmhnrgh Monthly Med. Journal, 1853-1854 j or Ue. 
Marchei on Colour-Blindneas, Sutherland and Knox, Edin. ; 1855. 
^ 7. J, C, Maxwellj Traniactiona H,3,E, 1854-^55. 
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I. Of the Nature of Colour- Blindness, 

The researches of a great number of the ablest inquirers in 
England, Germany, France, Switzerland, and America, have, 
in the course of the last sixty or seventy years, brought to 
light the existence of a remarkable limitation of vision in re- 
ference to colours. This has been variously named, Idiopsy 
(peculiarity of vision) ; Chromatopseudopsy (false vision of 
colour) ; Dyschromatopsy (bad vision of colour) ; A chroma- 
topsy (no vision of colour) ; Dichromic Vision (the vision of 
only two colours); and Daltonism (vision identical in its 
peculiarities with that of Dalton) ; but the terms of Greek 
origin are not significant to English readers, and are not 
sufficiently precise and expressive to satisfy even Greek 
scholars, so that I shall use none of them. Daltonism is an 
unsuitable and trivial name, so that in referring to the affec- 
tion of sight under notice I shall restrict myself to the title 
Colour-Blindness, and call its subjects the Colour-Blind. 

Those who are thus named differ from their more fortunate 
brethren in the following way : Three simple, elementary, 
or primary colours, properly so called, red, blue, and yel- 
low, are visible by daylight to perfect eyes, besides white, 
the mutual neutralization of these colours, and black, the 
absence of them all.^ 

Perfect natural vision is thus a tricolor, or three-colour 
vision, and each of the colours of which it is cognizant may 
be changed by additions of white to it into tints, and by ad- 
ditions of black into shades, without ceasing to be visible till 
the paleness of the tint has made a very close approxima- 
tion to white, and the darkness of the shade a very close 
approximation to black. 

Further, the primary colours may be mixed with each other, 
so as to produce by the addition of red to blue, crimsons, 
violets, and purples ; by the addition of red to yellow, scar- 
lets and oranges ; and by the addition of blue to yellow, 
greens; all of which secondary colours are' visible both 
when full, and throughout a long series of tints and shades 
to a perfect eye ; as are also the mixtures of the secondary 
colours with each other, giving russets (including browns) 
olives, and citrines. 

On the other hand, the colour-blind distinguish white and 
black as perfectly as others do, and a very few of them have 

^ It is assumed here that the analysis of light by our sensations represents 
its true constitution, and that red, blue, and yellow, are its simplest ultimate 
sensational elements. This view is the most convenient in discussing the prac- 
tical relations of colour^ but is quite open to criticism as a scientific analysis 
flight. 
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no other perception of colour than ttat implied in the dis- 
tinction between light and shade. 

The great majority, however, of tlie colour-blind distinguish 
two of tbe primary colours, 'yellow and bhw^ but they eiT with 
the third, red, wbich they confound with ffre&n, with hroifm^ 
with grey^ with drab, and occasionally with other colours ; 
and not unfrequently red is invisible to them or appears 
black. The colour-blind thus possess a bicolor or two-colour 
vision, so far as the primary colours are concerned. 

Moreover, no one of the secondary colours is uniformly visible 
to them ; orange, if tending towards yellow, appears to be yel- 
low ; if inclining to scarlet it is mistaken for green ; purple is 
confounded with blue ; and green with red and drab and brown. 
The tertiary colours, such as olivej russet, and citrine, are 
also confounded with each other, and with green, dark red^ 
and brown. 

Further, the lighter tints (among themselves) and darker 
shades (among themselves) of all colours, primary, secondary, 
and tertiaryj are mistaken for each other, and for white in the 
case of tbe tints^ and black in the case of the shades, even 
when not vevjf p^le or very dark. 

The colour-blind thus perfectly distinguish only two colours, 
yellow and blue, and these only w^hendeep or full ; but as they 
are liable to mistake purple (or other mixtures of red and blue) 
for blue^ they in reality are clearly cognizant only of yellow. 

The identiticatious confusion, or misinterpretation of 
colours thus occurring, is most important, practically, in re- 
ference to red and green ; but colour- blindness is most easily 
detected by the confusion of certain tints of purple, such as 
pale violet, lilac, or pink, with blue ; and if lilac or pink is thus 
mistaken by daylight, the other mistakes charactenstic of 
colour-blindness may be regarded as certain to occur. 

By ordinary artificial light, such as lamps, candles, and 
coal-gas yield, red is less liable to confusion with green than 
by daylight; and the redder purples cease to appear only 
blue. Artificial light thus lessens colour-blindness, but doen 
not abolish it, for mistakes continue to be made of the same 
kind, though not to the same extent as before. 

The false, uncertain, defective, or negative vision of colour, 
which thus characterizes the colour-blind, is compatible with 
perfect vision in other respects, and is frequently if not gene- 
rally accompanied by a very nice perception of form and 
outline not only in full but in faint light. 



II* Of the Number of the Colour-blind in the CommunUt/, 
Colour-blindness occurs in aU ranks of the communitv, and 
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in both sexeSy but more commonly in males tlian females. It 
is congenital, or at least appears as soon as it is possible to 
teat tlie vision of colours in infancy, and it does not ap- 
preciably alter through life, being, so far as is yet known, 
totally incurable. It is also hereditary, and has been traced 
without material modification or abatement through five ge- 
nerations. It descends both by the father and mother's side, 
but always^ attaches to the sons rather than to the daughters, 
and if the family is considerable in number, it occurs in more 
than one of the Bons, so that as many as six brothers have 
been found to be colour-blind. 

It varies in degree, the extremer cases being character* 
ized by the confusion of red (in daylight) with blacky and the 
less extreme, only by uncertainty in the lighter and darker 
tints and shades of the colours characteristically confounded. 

The statistics of colour-blindness are as yet imperfect, and 
do not include females, but there is every reason to believe 
that the number of males in this country who are subject in 
some degree to this affection of vision, is not less than 1 in 
20, and that the number markedly colour-blind* Le^ given to 
mistake red for green, brown for green, purple for blue, and 
occasionally red for black, is not less than one in fifty. The 
actual number of the markedly Colour-Blind detected in an 
examination of 1154 males in Edinburgh was one in fifty-five, 
and the parties thus examined were students, soldiers, and 
policemen, born in various parts of the British dominions*^ 

We may thus, accordino; to our present knowledge, regard 
two in every hundred of the community as seriously defec- 
tive in their perception of colour^ supposing the colour-blind 
to be efjually divided amongst the population ; but as direct 
observation, as well as the prevalence in certain families of 
colour-blindnessj demonstrates that the division is very un- 
equal, it is impossible to calculate the extent of its pre- 
valence in any limited area, whilst it is certain that the evils 
which it entails on its subjects and others, will be lessened in 
one district, only by increasing in another. 

The following Table, repeated from page 74 of Researches 
on Colour-Blindness, and page 8 of Edin. Monthly Medical 
Journal, July 1854, will illustrate this* 



* Edtnburgli Monthly Jfeii. Joaroalj July 1854, pp. 1^101 ■ or Heflearchea on 
Ci>lou.r>BlindTi£BS;r p. 72. 
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III. Of Visible Signals in relation to Colour- Blindness, 
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In the guidance of railway trains, and of vessels at sea, sig- ^H 




nals are in constant use, whicb, as employed both by night ^H 




and by day, are, to a great extent, significant, solely by their ^H 




colour. ^H 




Those signals were introduced at a time when colour- ^H 




blindness had not awakened the attention of practical obser- ^H 




vers I and they do not contemplate its occurrence among ^H 




signal-men. It is important, therefore, now to inquire what ^H 




alterations the recognised prevaleoce of this affection of vi- ^H 




sion renders necessary in our methods of signalling. ^H 




1* Of Railway Si finals ^ — The railway signals, appealing ^H 
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b. Flag^Signals, c. Lamp- Signals. All are in use through 
tlie day ; the lamps being needed in the tunnels even when 
the external light is briglitestj and forming the only available 
signals during darkness. 

When this system is carried out to the full, as it is in the 
majority of our railways, three posithfe indieationSj implying 
Safety, -Caution, and Dakgeu, are furnished alike by the 
day and the night signals. On some lines, however. Caution 
and Danger are alone positivelt/ indicated, — the absence of 
any signal implying Safety ; and on certain lines, I believe 
that Danger and Safety are alone positivehf indicated, — no 
caution-signal being shown. In what follows I shall generally 
suppose three positive signals to be employed at all times. 

Tlie pillar or mast-signals are of three kinds, namely, 
vanesj discs, and semaphores. The two first are the same 
in general principle, and signal only to one line, but differ in 
shape; the vanes being shaped like axe-heads or fish- tails, — 
the diseSj as thetr name implies, being more or less circular, 
la the most complex signals o a the first system, there is a triple 
vane east in one piece of iron, and consisting of two fans in the 
same vertical phine, and one in a vertical plane at right angles 
to those two ; so that the whole resembles the sign -post at a 
three cross-road. The double fan ia painted red on both faces ; 
the single fan is white on one face, and gi^een on the other. 
The whole is made to revolve like the top of a turnstile on a 
vertical axis, and admits of the following movements : — 
When turnedj so as to present the edge of the double or red 
fan to an approaching train, the single fan points to the left 
or tlie right, according to the direction in which the whole is 
turned. When the signal is to the left of the engine-driverT 
the White side of the fan is seen, and implies " ALL RlGHT^ — 
Go ON !" When the signal is to the right, the green side of 
the fan is seen, and implies *' Caljtion— GO SLOW I'* When 
the single fan points /ro/n the observer, then the double fan 
conceals it, and it appears with both its right and left half 
Eed, and the signal is *' Danger — Stop !'' On the summit 
of the tHple vane is a lamp turning with it, and showing a 
differently coloured glass or face along the three edges of the 
fans, so that at night it shows a white light when the single 
fan turns to the left, a tjreen when it turns to the rlghU and 
a red when the two arms face the observer. In the simpler 
vane signals there is only a double fan, red on one face and 
green on the other^ and sliowing at night lights of correspond- 
ing colours. When neither of tlie faces or lamps is seen, 
but only the edge of the vane, the signal is " Safety f^ green 
is *' Caution/' and red " Danger*" The triple vane, it will be 
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perceivedj appeals to tlie sense of Forai as well as to that of 
Colour; indicating Safety^ by pointing, as it werej with one 
hanti to the left ; Caution, by pointing with one hand to the 
right, and Dmvjer, by spreading out two bands. 

The discs correspond to the doable fan vanes, and are 
circular or oval plates, pierced with live or more boles, and 
placed on vertical spindles or axes, so that the edge of the 
disc or either face can be turned to any point of the compass. 
The one face is painted GiiEBK, and signifies, to a train ap- 
proaching it, " Caution — go Slow P^ The other face is 
painted Eed, and signifies ** Danger — StopT^ The Edge of 
the disc turned towards a train implies ^' A II Bight — Go Onf' 

On some railway lines the discs are red on one side, and 
white on tbe other ; and have corresponding lights, so that 
they signal only Danger and Safetg ; but in tbe more com* 
plex system, previously described, the arrangement is such 
that on the snmmit of the disc, and turning with it is a triple 
lampj showing by night a red light above the red face of the 
disc, a green light above the green face, and a white light 
above the edge. This lamp, when unlighied as through the 
day, presents a different appearance^ according as the edge 
or the coloured faces are turned to the observer, Tims, when 
the green face is towards the observer, the lens-tube of the 
white lamp points to one side, for example to the right, 
thus f . When the red face is towards the observer, the 
white lamp points to the other side (to the left), thus 1 - 
And when the edge of the disc is towards the observer, the 
red lamp projects on the one side, and the green on the 
other, so as to resemble the letter j. There is thus apart 
from colour a difference in form in the summit of the disc- 
pillars, but tbe amount of lateral projection is very slight, in 
truth, so small, that it can only be seen from a short dis- 
tance. 

The semaphores are tall pillars or masts, which, in their 
Bimpleat form, have one arm shutting up within the post, 
like the blade of a clasp-knife in its handle, and admitting 
of heing opened out and fixed at an angle to the pillar. 
The arm is painted red on tbe face turned towards the en- 
gine-driver, and white on the opposite face. When shut up 
within the pillar, it signifies " AIjL Eight*" When raised 
to an angle of 45^ it denotes " Caution f and when raised 
to an angle of 90"* " Danger." A triple lamp is also at- 
tached to the semaplmre pillar, showing, as in the other ar- 
rangementsj a white^ green, and red light* 

The flag-signals call for no special description* They 

isist of pieces of woollen gau^e (bunting), a foot or more 
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Bquare, attached to hand-staffs, and are three in numberj — 
one white, one green ^ and one red. 

The lamps are also three in number, provided generally 
with ijonvex lenses or bulTs ejes, of white, grcen^ and red 
glass. All trains earry at night a white head-lanip in front 
of the engine, and both by nigbt and by day a red tail-lamp 
attached to the last carnage. At night two or more addi- 
tional red lamps are generally carried on each side of the 
train, and one behind on the right side of the engine. 

IV* Of the Disadvantages attcndhig the Use of Med mid Green 
for Railway Signal-Colours, 

Red, green, and white, have been selected alike for the 
vane, disc, flag, and lamp signals, as colours readily dis- 
tinguished by perfect eyes, both by daylight and artificial 
light. It m worth while, however, to notice that red and 
green are open to certain objections, even when seen by those 
who are not colour-blind ; and, 

1. Of the FerGeption of Red and Green by Daylight, 

I, Red as seen by day on the vanes, discs, and flags, be- 
comes dark or imperfectly visible by faint light, such as that 
of the setting sun, long before blue and yellow cease to ex- 
hibit their characteristic colour, 

The researches of Brewster, Dove, and Tyndall, establish 
this, and indeed more ; for the effect of twilight is to increase 
positively the visibility of blue, whilst it diminishes that of 
red,^ 

* There Bippears to be n stualler flcnfiibility of the liuman <jye to red than tt> 
blue light, in aU circumstances wfaich lessen tbe acuteneas of vUion* To thia I 
hare speciaUy referred in the Hesearches od Colour- Blindn ebb, pp. 64-67 ; but I 
have not referred to unother cause of the pbenometiou. discussed in the text, 
the iuiportauce of which has been brought tinder my notice by ijiy friendj. Mr 
W. Swan. 

In the Researches^ I have referred to Duve^a expeTimente with the stereoGCOpe 
as eatablighing the visibility of blue, where red 'i& invisible ■ but a stereoscope Ia 
not necessary for the demonstration of this fact. It is sufficient to contrast the 
appearance of the eveuing sky after sunsetj as seen through a red and a blue 
glass* The former grows darker and darker as diLjllght departpi, and i-apidly 
becomes to all practical intents opaque : the latter, though tnken of such thick- 
ness as to be darker thEin the red by fuU daylight, continues transparent so long 
as the fnintejt twilight lasts, and hy contrast with the red, appeara to increas4s 
in visihiUty and transparency as darkness comes on. Mr Swan's remarkB 
which fdlow apply to the cjcpcrimetit ns thu^ made, 

" I see a rea&on for the disappearance of the red, and the continued viBibility 
of the blue, as the darkness increases} quite independetit of any difference of 
sensibility of the eye to these colours, which, if 1 recollect aright, was the ex- 
planation given of the phenomenon. 

'^ Suppose the blue glass lo be i^ther more opaque than the red in full day- 
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2. Red and Green, in virtue of their relation as comple- 
mentary colours, call up each other if either is intently gazed 
at. The eager watcher of a signal is thus expensed to the risk 
of mistaking the summons to stop, for that to go slow ; so 
that he exhibits in a very faint degree, the liahility to mistake 
red for green, which is so marked in the colon r-blind. 

3, Red and green, if of corresponding tint or shade j har- 
monize as complementary colours to a natural eye, so that 
h passes readily from the one to the other without the sen- 
sation of abrupt transition. It would be better if a harsh 
contrast existed between the colours of the caution and danger 
signals, so that the eye might be startled and offended by a 
passage from either to the other, as the ear is by the shrill 
discord of the steam whistle. 

If those whose vision is normal, are thus liable to mistake 
by day red and green for each othf^r, those who are colour- 
blind are still more so. Red and green, with the excep- 
tion perhaps of lilac and blue, which are too similar how- 
ever to all eyes to be suitable for signals, are their greatest 
stumbling-blocks : to some, when fresh and bright: however 
near at hand ; to others when new, if seen from a little 
distance : to all increasingly when light is imperfect. 

The effect of time and exposure on the opaque signals 
IS to darken the reds into browns, and the gi-e ens into olives, 
but such browns and olives are as perplexing to the markedly 
colour-bli[id as bright reds and greens, and moreover stumble 
the less extreme subjects of colour-blindness^ by whom the 
purer reds and greens are tolerably well distinguished. 

Those observations, it will be remembered, refer solely to 
the discrimination of colours by daylight. Their general ten- 
light J or, to be more exact, suppose it to transmit a lena percetitflge of the total 
incident light than the red do&^f it will then appear darlspr than the red. i\fter 
tnJiBel we lose the direct rays of the sun ; and aa twilight advances we gc*t Odly 
rayi which have Buffered several refl^'jEJons in the higher regions of the atmo- 
ppbere. We know from the hlue colour of the s,ky that light reflected from the 
atmoBphere abound^^ in the blue rays of the epectrum ; and the more refrangible 
k rays are precisely those which will moat essiiy suffer reflexion^and might be eit* 
^ected to abound in twilight ; while raya from the red end of the spectrum will 
be leas liable to reflexion, and will probably be wanting in the twilight. The 
Advancing twilight will tbdrefore be made up more and more as darkness ap- 
proachi?^^ of blue or higbly refrangible rays, and less and less of red, or sUgbttj 
refrangible ones. The consequence will ba that iho red glass will transmit a 
COnataTitly decreasing^ and the blue glass a constantly increasing proportioti of 
the whole incideut light ; and at length the red glass will become almost opaque 
to the light falling on itj while the bine will appear more transparent than 
before." 

Opaque red and blue bodies act in tha same way towards reflected light aa 
transparent oneg do toward i transmitted light. There m thus a twofold ob- 
jection to the use of red fiignals by day, for they are least trustworthy when 
Ught is fadings when of course tbey are most needed. 



1B6 



ON RAILWAY AND SHIP BIQKALS 



dency is to show, that by such illumination^ red and green 
are the worst colours that can be Belected for colour-blind 
handlers or interpreters of signals; and that these colom'S 
have no such superiority in the case of the normal-eyed as to 
make their retention specially desirable, 

Tlie quefttion then ariseis, are there any colours visible to 
the colour-blind, and a-i visible to the colour-seeing as red 
and green, w^hich may be substituted for these, as equally 
suitable for both classes of observers ? The answer un- 
fortunately is less satisfactory than could be wished. 

To begin with the colour-blind. If a triple system of 
safety, caution, and danger colour-signals is essential to 
the proper working of railways, then the colour-blind must 
be excluded from the office of signallers. They distinguish 
by daylight only blue and ytdlow, and these solely when full 
in tint and well illuminated. It is true that they also see 
black and white, which in ordinary language are reckoned 
among coluurs. But by age, tarnisb, impertect liglifc, snow* 
storms, fogs, fee, blue becomes indistinguishable from 
black, and white from yellow : moreover the colour-blind are 
liable to doubt regarding tlie particular tinge, or chromatic 
value of every colour, so that it is useless to expect them 
to distinguisli anything more in the hours that intervene 
between sunrise and sunset, than one light colour from one 
dark colour ; and it matters comparatively little what two 
colours are employed, provided the one approaches to white, 
and the other to black : in truth were allaignal-men colour- 
blind, and two signals sufficient, white and black w^ould be 
preferable to colours properly so called. 

If w^hite and black were employ ed^ it might be possible to 
introduce azure or sky blue as a third signal, for it is visible to 
all (or nearly all) eyes, and in the morning and evening twi- 
light shows distinctly, (for the reasons already given), where 
red and green cannot be distinguished. But though in favour- 
able circtmistances white, black, and blue might be distin- 
guishcd from each other by the colour-blind, they could not be 
tiniated to deal with three unlike colours under doubtful illumi- 
nation, especially if taken by surprise as radway servants on 
occasions of special emergency must, in the majority of caseSj 
be. I refer to the matter here chiefly because the value of 
Blue as a signal-colour has not been recognised in reference 
to those whose vision is perfect^ to w^hom 1 now turn. 

Seeing that the colour-blind cannot be trusted to 
distinguish more than two colours, and may not always be 
confident concerning these, it would plainly be the best plan 
(if colour-signals are retained) to exclude such persons alto- 
gether from the office of signal-men ; but as the exhibition or 
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interpretation of signals may occagionally fall io the lot of 
parties generally engaged in other duties from which it 
would he difficult and perhaps nnjust to exclude them, be- 
cauge their vision of colour is not normal ; and as railway 
passcngei^ have a direct interest in the signals us^ed upon 
railways being such as all can distinoruish and understand, 
it is desirable that those colours should he preferred which 
are best distinguished hy the majority of persons. 

Yellow is unquestionably the colour (properly so called) 
most visible to all eyes, but it is too liable under imperfect 
illumination to be confounded with white, to admit of being 
used along with iti nor could it, with any advantage, be sub- 
Biituted for it. 

Blue comes next in visibility to YelloWs and miglit be ad- 
vantageously substituted for green in all day signals. An 
azure or sky-blue can be readily and cheaply obtained. It 
Is not confounded with rod by the colour-blind. It is as 
visible to the normal-eyed as green tinder full illumination, and 
contrasts more sharply with red than its harmoniKing coniple- 
mentjiry green does. Further, it has the |>eculiar advantage of 
remaining visible in faint daylight, and of contrasting strongly 
with red in such circumstance?*. Were it employed, ithe 
colour-blind would nialie fewer mistakes, and tlie colour- 
seeing would have an additional assistance in distinguishing 
the caution (blue), from the danger (red) signal, whilst 
white might continue as at present the sign of safety. 

2. 0/ the Perception of Red and Green by Artifidal light. 

Light transmitted through coloured bodies seems more 
easily distinguished by the colour- blind than that reflected 
from coloured surfaces. This at least is the case with red 
and green glass tbrono^h which artificial light is sent, and 
accordingly the lamp-signals are less liable to mistake by 
the colour-blind, so far as colour is concerned, than the vane 
and flag day-signals. But the liability to confound red 
with green, though less marked^ still continues, even when 
the lamps are near the spectator ; and when the distance is 
greater, red and green lights are not only mistaken for 
each other, but also for white lights. 

This last mistake, according to the curious observations of 
Professor Tyndall^ may also be made by those whose vision 
is normal, especially if red and green lights are alternat-ely 
seen from a distance in quick succession ; then apparently 
the combined impression of these complementary colours 
cannot be distinguished from that of white light. 

There are other objections of more or less weight to the 
jiiee of red in lamp-signals. Of these I mention tliree, — 
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1. Ml* Henrj Lees, the intelligent sei.Tetary of the Ediu- 
burghj Perth, and Dundee Railway, has drawn my attention 
to the effect in altering the imprea^ion of distance, which the 
darkness of the red lamps as compared with the brightness 
of the white ones occasions. A red light seen from a dis- 
tance seems much further off than a colourless light side by 
side with it, the eye assigning a less proximity to the less lu- 
minous lamp, in conformity with its experience of the different 
apparent brightness of lights of tiie same colour and lumin- 
osity placed at different distances from it. The effect of 
this misconception of distance must necessarily be to make 
danger-signals appear less near than they are, so that the 
red tail-lamp of a railway train stand in 13: still . will appear 
to a train following it, further off than it actually is, and the 
standing train will incur a great risk of being run into by 
the moving one, 

Tliere is great reason for thinking that many raihvay col- 
lisions have been occasioned by a miscalculation of distance 
originating in this way. On one of the English railways 
(the name of which it might be inexpedient to mention), where, 
as I learn from one of its engineers, trains follow each 
other at very short intervals through the greater part of the 
twenty-four hours, red tail-lamps were found so useless in 
preventing trains from running; into each otherj that tliey 
were replaced by the oldest perhaps of all night- signals, 
namely an open iron cage containing burning fuel, which by 
the dimensions of its glowing mass and the cloud of smoke 
and flame rising from it was conspicuous at a great distance- 
Where red lamps are retained, it w^ould seem desirable to 
associate them witli white so as to enable their distance from 
the spectator to be more accurately determined than it can 
be when they are seen alone. 

2. A second objection to the red lamp was prominently in- 
dicated by a writer {who did not give his name) in the Times 
Newspaper two years ago, in reference to an appalling col- 
lision on one of the Irish Railways. I have mislaid the re- 
ference, and cannot give the writer's words, but he argued 
that an engine-driver, who must often assist ins stoker in sup- 
plying coal to the furnace of the locomotive, and be exposed 
to the intense fiery glare of the blazing fuel, cannot be expected 
immediately thereafter to recognize a small red flag or red 
lamp unexpectedly waved in front of his engine ; and he fol- 
lows this just remark by the suggestion that red port-fires of 
great intensity and brilliancy should be show^n as danger-sig- 
nals on sudden emergencies. 

In truth an eye, dazzled by the red glare of a locomotive 
furnaccj would not only be unafiFected by a smaller dame of 
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the same colour, but in obedience to tbe familiar optical law 
of sueceasive com piemen tiiry contrast, would see or tend to 
see all lights green or greenish. 

3. Professor James Forbes pointed out many years ago, as 
the result of an observation accidentally made at a railway 
station* that a light seen at night through steam Jblo wing off 
from the escape valve of an engine-boiler appears of a deep 
orange-red like that of nitrous acid vapour,^ Now it must 
often fall to the lot of engine-drivers to watch lamps through 
such an atmosphere which will convert the (white) safety 
signal into a danger-signal j completely alter the colour of 
the (green) caution-signah and so darken the aspect of the 
(red) danger-signal as to render it invisible. 

There are thus serious objections attending the use of 
red lamps on railways, yet our choice of coloured glasses is 
80 limTted that it is extremely questionable if the substitution 
of another colour for red w^ould be of any service. The ad- 
vantages which blue possesses for day-signal a do not attend 
its application to lamps. Blue glass is opaque to full daylight 
compared with red and yellow, and still more to lamp or 
gas-light in which blue rays are deficient, so that it is the 
worst of all colours for a night signal-glass. On the other 
hand, the abundance of yellow rays in ordinary artificial 
flames points to yellow glass as one eminently visible by 
their transmitted rays* But in addition to its costliness it 
is difficult to secure a yellow which is so deep as to be dis- 
tinctly distinguishable from white at a distance ^ and yet so 
pure and not inclining to orange (as the ordinary silver-stained 
yellow glasses generally do) as not be mistaken for red. Yel- 
low deserves, however, a trials either as a substitute for the 
red or the green signal, or as adding to our means of securing 
safety by association with them. 

It is not to be denied that the employment of one set of 
signal- colout^ 3 by day and another by night is a disadvantage ; 
but an increase in the safety of travelling would more than 
counterbalance this; and as white would remain the safety- 
signal, and red could be retained as the caution-signal, but 
one signal would vary, which might be blue by day and yel- 
low by night The principle which should guide us ig plainly 
that the danger-signal should be the most conspicuously vi- 
sible of all, and were this principle unreservedly carried out, 
white lamps would replace red as danger-signals* But as 
the ordinary lights of the carriages, and at the stations, and 
in the neighbourhood of buildings are and must be white, 
we are of necessity debarred from the use of uncoloured 

^ Load, k Edtnb. PhU. M^g. 3d seri^, voL iiv„ p. 121. 
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lights as special signaUj and must seek to gain our end in 
some other way. 

V, Of the necessity of employing the Elements of Form and 
N^iimberj as well m of Colour J m Railwai/ Signals. 

The hopeksaness of providing a triple Bystem of coloured 
railway-signaU, which shall always be distinguisbahle by the 
colour-blind, and the imperfection of the existing system in 
reference even to the colour-seeing^ make it desirable to con- 
nect different colours with different shapes, and to vary the 
number of signals, so as to heighten their dissimilarity. The 
acute perception of form and outline^ which characterizes many 
of the colour-blind, enables them largely to supplement their 
imperfect perception of colour, and the moat clear-sighted 
and watchful engine-drivers acknowledge that difference in 
shape is a great assistance in distinguiahing the signals at 
present in use* In answer to queries not dealing with 
the difficulties of the colour-blind, those who are familiar 
with railways, have again and again told me, that when 
an engine is travelling at the rate of 20 or 3D niilea an 
hour in the teeth of a cntting wind, the best eyes, even by 
day, and in clear weather, are often perplexed to decide at 
once on the colour of a signal, especially when it is suddenly 
and unexpectedly exhibited. It need not be added that rain, 
mist, fogs, high winds^ snow storms, &c., must greatly in- 
crease this perplexity, or that sudden signals are those 
which most demand prompt recognition* 

On many railways Form is used to supplement Colour, 
but only in certain of the day-signals, and to a smaller 
extent than is desirable* Thus in the semaphore, a con- 
spicuous alteration In form is secured by exposing or con- 
cealing the moveable arm, and by fixing it at an angle of 45 
or 90 degrees. In the triple vane, also, as already shown, 
the ivhite arm points to the left of the train which it sig- 
nals, the green arm points to the right, and the 7*ed signal 
stretches an arm in both directions. In the symmetrical 
double vane on the other hand, and in the corresponding 
disc-signals, unless where a triple lamp surmounts them, the 
eye has no help from form, except that on the disc, the 
supporting pillar on which it is fixed like a shield on a 
soldier's arm, is seen traversing vertically one side; but as 
the pillar is painted of the same colour as the disc, the dif- 
ference is very inconspicuous, as it is also in the case of the 
lamp. In no railway, moreover, so far as I am aware, is 
there any distinction between the shapes of the coloured 
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flags, nor, unless to a small extent, ia any tiling but colour 
trusted to in the himp-signaU. 

So far as day- signals are concerned, I would urge 
Btrongly, that in no case should synnnetrical double vanea or 
discs be employed. They have no ml vantage over un sym- 
metrical ones, and deprive the observer of a great assistance 
in interpretiog the aignificance of a signal. Thus even in 
clear calm weather, and w^ith an engine going at a moderato 
speed, if the disc or vane be between the engine and a bright 
Bun, its oolour (as I have ascertained from the testimony of 
engine-drivers), is often indistinguishable, and if it be sym- 
metrical, it is impossible to determine whether it is sigoaliing 
safety or danger. On the otjier hand its outline stands out 
with the greatest distinctness against the bright sky, and 
if it be shaped like a battle-axe, a broad -feathered arrow, 
a virind-vane, a weather-cock, a fisli, or the like, the pointing 
of its narrow end to the right or the left of the engine-driver, 
will be significant of its purpose as a signal. Such un sym- 
metrical vanes are already in use on several railways, and 
should be introduced in all where the double vane or disc- 
system is employed^ 

It is less easy to apply this principle to flags, (although 
it forms an essential part of our naval system of signalling), 
as tliey are held an low, and generally so much within the 
shelter of walls and buildings, timt they do not '*blo\v out'" 
like ship flags or pennants, and show their ff^rm distinctly. 
Yet mistakes regai'ding fiags, which at a distance from 
stations are often the only available day-sigruils in sudden 
emergencies, have been the cause of sonic of tlie most serious 
railway accidents on record, and tliey are, I ajiprehendj the 
least satisfactory class of railway-signals in use. 

The greatest defects of flags are their smallness and dingi- 
ness. Little can be done to remetly the tirst evil, for they 
must remain portable, but much may ))e done to remedy the 
second. On all our railways, a number of the flags in use, 
ei^pecially thos * vviiich are red and green, are so dull and 
discoloured by smoke, dust, and frequent handling, that 
they cannot be expected to catch readily the shar]>est eye 
not specially on the look-ont for tiiem. The stout fabric 
(bunting) of which the flags are made, is much more durable 
than their cohiur, but the latter coidd at least be refreslied 
by occasional washing, or still better restoreil by re-dyeJug. 
Something, however, more abidingly brill iaTit than our 
present Hags, is demanded on railways; and if they are 
continued in use, they should at short intervals pass through 
the hamis of the dyer, and some official be held responsibly 
for their condition in reference to colour. 
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The white flag is the least important on the present 
aystom, and if clean, should be sufficiently conspicuous. 
With the coloured flags, the shape and number might be 
made difi*erent in each. Thus the eaution-signal might he 
one square green flag ; and the danger-signal, huo red tri* 
angular ones ; or in preference, a different figure might be 
inscribed on each flag, as a white mooo-like disc on the 
green flag, and two white squares at opposite corners, on tbe 
red flag, so aa to make the latter consist of four squares of 
equal size, two red and two white. 

But the efficiency of all such devices la almost destroyed by 
the smallness of the flags, the low elevation at which they 
are held, and the difllcidty of swinging them fully, so as to 
let their configuration be observed ; and it is in another direc- 
tion that we can most hopefully look for increasing their 
utility as signals. 

This direction is the following; — The moiton* of a flag, 
apart from its colour, are employed as signals on our railways; 
and from the rapidity with which those motions can be exe- 
cuted by the direct action of a living arm, compared with the 
cumbrous manipulations of the more cooiplex semaphores 
and vanes, a very simple set of rules is sufficient to secure 
safety. Thus, to take one code of signals, the flag held at 
arm's length in the right hand of the signal-man , and slowly 
waved or fluttered back and for wards J denotes ** Caution; go 
slow f^ elevated in front of his body, with the flag-staff held 
verttcally, (like a soldier's sword or musket at the salute,) 
and kept unmoved, it signifies "-^ All rifjht ; go on /' and held 
across the body^ with the right arm raised and bentj so as to 
show tbe flag beyond the left shoulder, it denotes ** Danger ; 
stop /* and may be rendered more emphatic by being waved 
rapidly from right to left, 

A single flag would thus serve for all tbe signals at pre- 
sent denoted by three flags; and without insisting on only 
one being retained, I would draw attention to the fact, that 
where the disregard of a flag has occasioned accidents on 
rati ways, it has more frequently been in consequence of the 
signal not being seen, than in consequence of its colour being 
mistaken. No prudent engine-driver who distinctly saw a 
flagt whatever its colour, waved violently before himj would 
proceed without slackening his speed. 

If a single hand-signal were deemed sufficient, and it took 
tbe form of a flag, it should display t^vo colours, the chief 
one being white, the other black, blue, or red, as a border or 
fringe, with perhaps a circle or disc of the same colour in 
the centre, so that tbe flag might be visible, whether seen 
agamst a light or a dark ba^k -ground. Canvas painted 
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white, or leatber, wliieli could have a fresh white surface 
given to it daily if necessary, would probably be preferable 
to the semitransparent, less conspicuous bunting at present 
in use, and the entire flag should be considerably larger than 
thoae now employed. I would farther suggest, that instead 
of a ilagj it miglit be advisable to employ a more conspicuous 
body, such as a polished reflector. A hollow ball of tin or 
of glass silvered inside, or two vertical vanes of tin or silvered 
glaaa, at right angles to each other, and placed at the end of 
a staff, would reflect light in whatever position they were 
held, and might catch an engine-driver's eye, where flags 
failed to do so. 

It is of coiu'se ini possible, to render visible a small signal to 
an engine-driver, who does not keep a look-out in front, or is 
engaged in assisting his stoker in managing the furnace-fire, 
at the time when the warning is given. To meet such a con- 
tingency, some eminently startling and conspicuous signal, 
such as a rocket, a blue4ight, or a red port-fire, alone would 
suffice* Port-flres are in nominal use on one of the English 
railways, but apparently they are rarely employed. They 
deserve more attention than they have received, for the great 
defect attaching to all our occasional or hand-signals, ia their 
small ness and ineonspicuousness. An engine-driver knows 
where to expect stationary signals along a railway line, and 
looks out for their indications; but an unexpected signal 
must compel his attention, if it is to be of any service^ nor 
can it ever be seen, or obeyed too speedily* 

The night-signals as already stated, whether stationary or 
moveable, are significant almost solely by their difference in 
colour. The insufficiency of this system, ho we vex*, is in- 
creasingly attracting attention, especially in reference to the 
meeting-points of several railway branches j where the risks 
of collision are unusually great 

At the Leven Junction of tlie Edinburgh, Perth, and Dun- 
dee llailwavj Mr Bouch^ C,E., lias erected a very effective 
compound signal, which illustrates the felt necessity of not 
trusting to colour alone, and the nnode in which it may be 
combined with form. It employs the combination of coloui' 
and form by day as well as by night, in the following 
way : — 

One vjhite Dwc denotes Safetv by day ; and one %vMt€ 
Ught, safety by night- One green Jlsh-tati denotes Ca iiTiON 
by day ; and one green light, caution by night. Two red discs 
denote Danger by day ; and two red lights^ danger by night. 

This arrangenuint was not intended (as I learn from Mr 
Bouch), to meet the case of the colour-blind, but simply to 
assist the perception of those whose vision is normal. "^"^^ ^- 

li 2 
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day system, however, would remove the special difficulty of 
the colour-blind, who have the distinctions between a disc, 
a fish-tail, and a double disc, to guide them in their interpre- 
tation of the signals. At night also, the double red lamp 
which, as the danger-signal, is the most important of all, 
could not be mistaken for the solitary white, or green light; 
but a colour-blind person might confound one of these with 
the other, as one not colour-blind might also in unfavourable 
circumstances. It would be better, therefore, to vary the 
numbers still further, by using for example, one white light ; 
two green lights, and three red lights. 

Such combinations of colour and form, or of colour and 
number, admit of endless modifications, but if our engineers 
are once satisfied of the necessity of employing them, it will 
very lightly tax their trained ingenuity to vary them, so as 
to meet all the requirements of railway service. 

It is much more difficult to apply the principle indicated 
above to the hand-lamps and carriage-lamps, than to the sta- 
tionary signals. So far as the carriages are concerned, the 
effect of recent accidents in inducing an increase in the num- 
ber of red tail-lamps has been most beneficial. Three does 
not seem too many for the last carriage of a train, on lines 
where there is much traffic, especially where the train is a 
luggage or parliamentary one, making many halts, and liable 
to be run into by trains from behind. The three lamps, also, 
might be arranged in a triangle, or otherwise, so as to indi- 
cate, by their relative position, apart from their colour, that 
they were in the rear of a train, and thus be significant even 
to the colour-blind.* 

The hand-lamps are in the same predicament as the flags, 
and, as shown on sudden emergencies, their visibility is of 
more importance than their colour ; for a single light, like 
a single flag, may be made to indicate safety, caution, or dan- 
ger, according to the direction in which it is held or waved. 
Were it possible, accordingly, to provide a hand-light of great 
brilliancy, this, no matter what its colour, would largely add 
to our means of preventing accidents on railways. There is 
noprospect of this desideratum being realized with lamps fed 
with oil or similar combustibles, but it is quite within our 
reach by those pyrotechnic mixtures which, under the names 
of blue lights, and red and green fire, are employed as night- 
signals by our army and navy. The least conspicuous of these 

* On some of the English railways the entire back, and part even of the sides 
of the last carriage of the train, are painted bright red, so as to expose a very 
large and conspicuous coloured surface. Were this lighted at night by colour- 
less lamps, provided with reflecting shades, it would probably be visible at a 
greater distance than red lamps would be ; but the exigencies of railway ser- 
vice do not always allow the same carriage to be the last in a train. 
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is the green fire, the moat brilliant the blue light, and the most 
startling the red tire.^ They are supplied by firework-makers 
in cartridges, and can be lighted at a moment's notice* The? 
blue light 13 the cheapest, and its peculiar lurid flame ia 
not liable to be mistaken for that of an ordinary conflagra- 
tion, which the splendid crimson blaze of the strontia fu-o 
might be. All of them illuminate a wide area ; in truth, the 
only objection I can conceive to their use is, tliat they might 
alarm too great an extent of country ; but this ig an error in the 
right direction ; and it may be safely asserted that more than 
one appalling niglit accident would have been prevented had 
the guards of a train, brought to an unexpected stand-still, 
had the means of suddenly showing a blazing light. Tlie re- 
luctance of guards and stokers to leave their trtiins and run 
back some di.stance with red lamps is brought out at every 
criminal trial following a night accident on a railway. 

The difficulty, also, often experienced in conveying to the 
nearest stations a knowledge of the fact that there exists an 
obstruction on the line, is scarcely less notorious. The port- 
fires, referred to, howeverj would bevisibleatagrcat distance, 
eveu thougli kindled close to the train brought to a stand- 
still ; and they would often suffice to warn the adjoining sta- 
tions that an accident had occurred in their neighbourhood. 

Red and green lamps are employed as signals at sea, as well 
as on land ; and as peculiar dangers attend their employment 
on shipboard, it vt^ill be convenient to consider that subject 
here, before proceeding to discuss the best modes of testing 
the colour-vision of signal-men. 

VI. Of the Bangm* attending the Si/stem of Ad and Green Lights^ 
at present in use on board Steatn Vessels, 

In the Admiralty Notice respecting lights to be carried 
by sea-going vessel s^ to prevent collision, which came into 
force in Augustl852, and still regulates their system of night 
signals, the following rules are required to be strictly obser- 
ved by all British steam- vessels. Between sunset and sun- 
rise, wticn under steam, they are to show a brtght ufJdte light 
on the foremast head ; a ^reen light on the starboard side ; 
a red light on tlie port side* 

The side lights are, moreoverj to be fitted with screens, on 
the inboard side, of at least three feet long, to prevent the 
lights from being seen across the bow. 

1 Hi^ceiptB for these mixtures wUl be found in works on Cberaistry. Tbe 
grepn fire ia a mixttire of sulphur and other ttambustibles with nitrate of 
barj-ta ; the red fire, a. Bimilar mixture with tiitrata of strontirt j and the blue 
light a miiture of sutphuret of aatlraony, and i?u.lphiir with mtmte of potash. 
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The object of t!ie screens, which are regarded by their de- 
visers aa the most novel and importfint part of tbeir plaD* i^ 
•' to prevent both coloured lights being seen at the same 
inomeTit from any direction but that of right-a-head ;' and the 
expectation, as stated in the official notice, is, that the effect 
of the arrangement proposed will be such, *' that in any situa- 
tion in which two Ycssela may approach each other in the dark, 
the coloured lights will instantly indicate to both the illative 
course of each ; that is, each will know whether the other is 
approaching directly or crossing the bows, either to starboard 
or to port. This intimation is all that is required to enable 
Tessels to pass each other in the darkest night with almost 
equal safety as in broad day* and for the want of which so 
many lamentable accidents have occurred.'* 

The expectation expressed in the paragraph I have quoted 
will be realiKcd where two vessels approach each other di- 
rectly. Let both he steamers, then the steersman of eacb 
will, whether colour-blind or not, see a triangle of lights 
approaching ; and, if not colour-blind, will also perceive, as 
shown in the diagram (Fig. 1), a green light on the starboard 
side, and a red on the port side of the advancing vesseU 

Fig. 1. 





Greik 'Med 

But when vessels are crossing each other's bows, the fore- 
mast wUt^ light goes for nothing, and the colour of the 
steamer's one, side-light seen is, to the vessel seeing it, the 
index whether the steamer is crossing to starboard or port, f.e.» 
in landsman's phrase, to the right hand or left hand of the 
steersman who perceives only the green, or only the red light. 
This is shown in Figs. 2 and 3, where one vessel is supposed 
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to cross the path of another at right angles ; both arerepre- 
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sented as paddle steamers. The steersman of B in both 
eases should see all the lights of A, and be warned of a 
steamer's direct approach, whether he distinguished the 
colour of the side-lights or not. 



Fig. 3. 
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But the steersman of A has only the colour of one of B's 
side-lights, to tell him, whether, as in Fig. 2, B is crossing 
to starboard (his right hand) ; or as in Fig. 3, to port (his 
left hand) ; and if he be the only look-out, and is colour-blindf 
lie will be uncertain whether to port or starboard his helm. 



Fig. 4. 
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Again, in Fig. 4, A and B will see each other's red light only, 
the screens preventing the green lights from being seen ; and 
both vessels passing to port. In Fig. 5, on the other hand, a 
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green light only will be visible to each, the screens prevent- 
ing the red lights from being seen ; and both vessels passing 
to starboard. 

Now if the pilots of A or B, one or both, are colour-blind, of 
what service will the colour of the one side -light be ? I reply, 
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without hesitation, of less than no service. The red lamp may 
be mistaken for green, or the reverse, and a collision deter- 
mine«l by the mistake. In no case will a colour-blind pilot be 
absolutely certain as to the colour of the side-light, and the va- 
cillation which shall attend his attempt to come to a conclu- 
sion may not be exchanged for action till it be too late to pre- 
vent a collision. Further, as a pilot, conscious of his colour- 
blindness, will guide himself mainly by the direction in which 
he sees a light crossing his bows, he is exposed to the disad- 
vantage of watching a green or a red light, which is not visible 
so far off as a white one, and is also liable from its compa- 
rative obscurity to appear further off than it actually is. 
Moreover, from all my examinations of the colour-blind, I 
am satisfied that however conscious they may be of their pe- 
culiarity of vision, they will always, if given to understand 
that an object is coloured, try to decide what its colour is, 
and yet, in the majority of eases, hesitate regarding the jus- 
tice of their conclusion. The distraction of mind thus occa- 
sioned is fatal to that promptitude of action which must often 
be the first duty of a pilot. 

The Admiralty Notice, from which I have quoted, con- 
tains in a note the statement, that " the system of night- 
lights laid down in the above regulations has been adopted 
in Her Majesty's Service, and by the Governments of the 
principal Foreign Maritime Nations." This announcement 
must be read with grave apprehension by all who are familiar 
with the statistics of colour-blindness ; for colour alone is 
relied upon to instruct a pilot how to steer clear of a steamer 
in a dark night; and the mistake of red for green, or 
the reverse, would be still more disastrous at sea than on 
shore, for the object of a railway danger (red) signal would 
often be sufficiently secured, though it were interpreted only 
as a caution (green) signal ; and the purpose of a caution 
signal would be more than secured if it were understood as 
a warning of danger. But at sea, to mistake either of these 
lights for the other, would equally and inevitably lead to a 
vessel being steered so as to determine a collision. 

In Her Majesty's Naval Service, and in our Commercial 
Marine, the safety at least of the larger vessels is in charge 
during night of a whole watch of men ; but even in those 
ships the steering of the vessel is not unfrequently under the 
guidance of a single pilot, whose word is law, and who may 
be colour-blind, but unconscious of the fact, or afraid to con- 
fess it. And in smaller vessels, especially those not in Her 
Majesty's Service, it is notorious, that whatever the theory of 
night-watching may be, the fact is that the safety of a ship 
is often to all practical intents in the hands of the steersman 



m BELAf ION TO COLOUR-BLII^DISESS. 149 

alone^ whose power to disting^uish red from green inay be 
null' The Admiralty system of night-lights, accordingly, is 
trustworthy, only provided the freedom of pilots and look- 
outs from colour-blindness Is guaranteed ; and at present 
no meajis are taken to determine this. It would be so diffi* 
cult, bowever, to render certain tlie exclusion from the office 
of pilot or look-out of such uienibers of a large crew as were 
colour-blind, and so inexpedient to refuse employment on 
board ship to those who were, but at the same time possessed 
all the other qualitications of good sailors, that I cannot but 
urge tlie desirableness of changing the system of night-Hghts 
at sea for one which the colour-blind cannot mistake. Tins 
need not prevent coloured lamp*i from being employed, al- 
though it is desirable that on board war-ships and others 
provided with surgeons, the medical officers should report 
those of the crew who are colour-blind, so as to prevent 
their employment (whether by day or night), as special aignal- 
men* By varying the number, or relative position, or both of 
the port and starboard lights in the way already indicated 
in the case of railway lamps, or otherwise, it seems quite 
possible, without depriving tiiose who can distinguish it, of 
the assistance afforded by dif!\'rence in colonr, to enable the 
colour-blind to act safely as night-pilots. The mode in which 
this may best be effected, I leave to the decision of seamen 
who are satisfied that the prevalence of colour-blindness ne- 
cessitates a change in the Admiralty system of lights. It 
is suiheieut for me to urge that that system is fraught with 
unsuspected danger to all who trust in it 

VII. 0/ the best modes cf detecting Colour- BHnHnesw, 

It admits of question, whether the demands of public safety 
would be best met by e% eluding colour from railway and ship 
signals, or by excluding the colour- blind from the office of 
signal-men . 

The answer, liowever, must be that the alternative is not 
in our choice. It must necessarily happen, botli at land and 
sea, that those not specially set apart as tlie exhibitors or 
interpreters of signals, have at times to act as sueh, and 
the most sudden emergencies are exactly the occasions on 
which the least qualified and least experienced are most 
liable to a summons of this kind* We cannot, therefore* be 
too careful to make our signals significant by other characters 
besides that of colour. 

On the other hand, the colour-blind are a minority in 
the community; and those peculiarly destined to deal with 
Bignals should he selected solely from the majority whose 
vision is normal. Colour is of great service to them in dis- 
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tinguialiiTig visible object r ; and it should, tlierefore, assiiTGdlj 
be retained in signals* I have the authority of railway engi- 
neers for stating, that frequently when a signal is seen by 
reflected light, — for example^ by the sun's rays shining from 
behind an engine-driver upon a signal whieh his train is ap* 
proachingj — its shape gives no assistance in discerning it if it 
is projected against a background of its own colour; as the 
green signal may be against trees in leaf, or bills in pasture, 
and the red when tarnished or as seen by twilight, against 
newdy plouglied grounds That this difficulty is generally re- 
cognised, I infer from the fact, that on several railways the 
i*ed side of the signal-vanes is painted with a white border, 
and on others the centre of the green side, where there is an 
open star, has its rays painted white. On the North British 
Kailwaji, in the immediate neighbourhood of Edinburgh, 
green is dispensed with, and the vanes are red^ with a white 
border on the one side, and red alone on- the other. 

As the most Bonnal eye thus needs every help in dis- 
tinguishing signals by their colour, when their form is un- 
certain , it is desirable that the simplest means of detecting 
colour-blindness, and of estimating its extent, ahonld be 
known to those concerned in the appointment of signal-men. 

The most testing colours by daylight are red as compared 
with light-green ; brown as compared with olive and dark- 
green, and lilac, as compared w^itli blue. 

By artificial light, in addition to the colours named above as 
exhibited by flags and painted opaciue surfaces, coloured lamps 
will, of course, be employed ; and red, green, and purple glass, 
viewed by transmitted light, are also useful by day. In all 
cases the vision of colour should be tested at various distances 
from the coloured object; and none should be passed who err 
in the majority of trials regarding a signal seen from the 
furthest point at which it must be swiftly interpreted to se- 
cure safety. For it must not be forgotten thai certain of the 
colour-blind distinguish pretty fairly colours (such as red and 
green) near at hand, which they confound at some distance* 
And for a similar reason their vision should be tried under vari- 
ous degrees of illumination, and in particular the visibility of 
the testing colours by twilight should be specially ascertained. 

Candidates for appointments where good eye-sight is re* 
quired, are not likely to exaggerate their defects of vision* 
When ever J therefore ^ any hesitation in distinguishing colours 
IB manifested^ it should be further tried by giving the party 
tinder examination, parcels of differently coloured cloth, paper, 
glass and the like, and requesting him to assort them accord- 
ing to their colours. Reds, greens, browns, and lilacs, should 
form an essential part of these parcels, but not to the ex- 
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elusion of other tints and shades* No person markedly colour- 
blind, will, I am persuaded, escape detection if tried in this 
wavs and the kind and number of mistakes wliich he commits 
will measure the extent of h^B colour-blindness* 

The mode of examination thus explained is within the 
reach of railway-superintendents and ship-masters, and will 
serve every practical end. But where railway- servantSj 
sailors, soldiers, or others, undergo preliminary examination 
by a surgeon, a more minute examination might be made^ and 
in another way. Mr James Clerk Maxwell, of Trinity Col- 
lege, Cambridge, a mathematician and natural philosopher of 
the highest promise, has devised a most simple and effectual 
means of discovering the natui*e and extent of colour-blind- 
ness. It is described in the communication from Mr Max- 
well which is appended to this {page lt53), and at greater 
length in a paper which appears in the Transactions of the 
Koyal Society of Edinburgh J Vol. xxi.^ Part ii., p. 275- To these 
the reader is specially referred ; but it will not be out of place 
to state here that Mr Maxwell employs a disc of pasteboard, 
or metal, provided with a spindlcj so as to admit of it being 
spun as a top or teetotum. Tlie spindle is in two pieces, and 
can be unscrewed so as to allow discs of coloured paper , per- 
forated in the centre to receive the spindle, and with a slit 
corresponding to a radius of the disc, to be placed on 
the upper surface of the top, the rim or circumference of 
which is divided into 100 equal parts. Tlje paper discs admit 
of being placed above each other, and any portion of one 
disc may be made to appear above another, by passing one 
edge of its slit through the slit in the other. 

ThuSj let a disc of red and a disc of white paper be placed 
together on the top, the white being the lower of the two ; 
we may then, if we choose, cover the white entirely by the 
red, so that the latter only shall appear ; or at will, bring the 
white through the slit in the red so as to let one-tenth, one- 
twentieth, one-twelfth, or the like quantity of the surface of 
the white cover that amount of the surface of the red. When 
the top is made to spin, one of the tints (dilutions with white) 
of red will be obtained, and the quantity of red and white in 
it may be measured by the graduation on the circumference 
of the circle. 

In the same way a circle of red and a circle of black will 
give the shades (deepenings with black) of red; and the 
delicacy of an eye in distinguishing the nicer gi'adations of 
colour, may be quantitatively determined* 

Again, small discs (balf the diameter of the larger ones) 
of green, and of white or black paper, may be placed on the 
colour-top above the larger red and white or black discs, so 
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that when the top is spinning, a green circle, surrounded by 
a red ring will be visible to a normal eye, and these may be 
compared throughout their tints and shades. 

This little instrument, (which howeveranyone can construct 
for himself), may be had with a series of selected coloured pa- 
pers,from Mr James Bry son, optician, Edinburgh. lean testify 
from experience to the rapidity with which it enables colour- 
blindness to be detected, and Mr Maxwell's papers will de- 
monstrate the number and value of the results which it may 
be made to yield in the examination of normal and abnormal 
eyes. 

I have lastly to notice, that there is a singular expres- 
sion in the eye of certain of the colour-blind, which may as- 
sist in their detection. It is difl&cult to describe it, and it 
is wanting in well-marked cases. But various of the colour- 
blind, whose cases I have described, have presented a pecu- 
liarity of look, which others have recognised on their atten- 
tion being drawn to it. In some it amounted to a startled ex- 
pression, as if they were alarmed ; in others to an eager, aim- 
less glance, as if seeking to perceive something but unable to 
find it ; and in certain others to an almost vacant stare, as if 
their eyes were fixed upon objects beyond the limit of vision. 
The expression referred to, which is not at all times equally 
pronounced, never altogether leaves the eyes which it seems 
to characterize. 

Whether its occurrence in those colour-blind persons whom 
I have examined is but a coincidence, (which it may be), or 
the unconscious betrayal of a defective sense, I do not at- 
tempt to decide ; but I mention the matter here that future 
observers may keep it in view. 
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Dear Sir, — As yon seemed to tliink tliat the results which 
I have obtained in the theory of colours mi^ht be of service 
to you, I have eTiJeavoured to arrange them for you in a 
more convenient form tlian that in whicli I first obtained them. 
L must premise, that the first distinet statement of the theory 
of colour vi^hich I adopt, is to be found fn Young^s Lee lures 
on A^attiral Philosophy (p* rS45, Kelland*s Edition) ; and the 
most philosophical inquiry into it which I have seen is that 
of Helmh<dtK, which may be found in the Annals of Philo- 
sophy for 1852. 

It is well known that a ray of light, from any source, may 
be divided by means of a prism into a number of rays of 
different refrangibility, forming a series called a spectrum* 
The intensity of the light is different at different points of 
this spectrum j and the law of intensity for different refrangi- 
bilities differs according to the nature of the incident ligljt 
In Sir John F. W. Herschel's Treatise on Liifht, diagrams 
will be found, each of wOiich represents completely, by means 
of a curve, the lawof the intensity and refrangibility of a beam 
of solar ligiit after passing througb various coloured media, 

I liave mentioned this mode of defining and registerinfij 
a beam of light, because it is the perfect expression of 
what a beam of light ia in itaelP, considered with respect to 
all its propertiesas ascertained by the most refined instru- 
ments. When a beam of light falls on the human eye, cer- 
tain sensations are produced, from which the possessor of 



154 



ON THE THEOKY OF COLOURS 



that organ jin%es of tlie colour and intensity of the 1iglit< 
No^v, though every one experiences these sensations, and 
though they are the foundation of all the phenomena of sight, 
yet^ on aeeount of their absolute simplicity, they are incapable 
of analyBis, and can never become in themselves objects of 
thought. If we attempt to discover them, we must do *jo by 
artificial means ; and our reasoningft on them must be guided 
by some theory* 

The most general form in which the existing theory can 
be stated is thia, — 

There are certain sensation s, finite in number^ but infinitely 
variable in degree, which may be excited by the ditferent 
ktofis of light* The compound sensation resulting from all 
these is the object of consciousness in a simple act of vigion. 

It is easy to see that the nitmber of these sensatioiis cor- 
responds to what may be called in mathematical language the 
number of independent variables, of which sensible colour is 
a function. 

This will be readily understood by attending to the follow- 
ing cases : — 

1, When objects are illuminated by homogeneous yellow 
lijj^ht, the only thing which can be distinguished by the eye is 
difi'erence of intensity or brightness. 

If we take a horizontal line, and colour it black at one end, 
with increasing degrees of intensity of yellow light towards 
the other, tiien every visible object will have a brightness 
coiTesponding to some point in this line. 

In this case there is nothing to prove the existence of more 
than one sensation in vision. 

In those photographic pictures in which there is only one 
tint of which the different intensities correspond to the differ- 
ent degrees of illumination of the object, we have another 
illustration of an optical effect depending on one variable 
only. 

2. Now, suppose that different kinds of light are emanating 
from different sources, but that each of these sources gives 
out perfectly homogeneous light, then there will be two things 
on which the nature of each ray will depend; — (1.) its inten- 
sity or brightness ; (2,) its hucj which may be estimated by its 
position in the spectrum, and measured by its wave length* 

If we take a rectangular plane, and illuminate it with the 
different kinds of homogeneous light, the intensity at any 
point being proportional to its horizontal distance along the 
plane, and its wave length being proportional to its height 
above the foot of the plane, then the plane will display every 
possible variety of homogeneous light, and will furnish an 
instance of an optical effect depending on tv/o variables. 
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3. No^v, let 118 take the case of nature. We find that 
colours differ not only in intensity and hue^ but also in tint ; 
that 19, they aro mora or less pure* We might arrange the 
varieties of each colour along a line, whicFi should begin with 
the boraogeneous colour as seen in the spectrum, and pass 
through all gradations of tint, so as to become continually 
purer, and terminate in white- 

We have, therefore, three elements in our sensation of 
colour, each of which may vary independently. For distinct- 
ness sake I have spoken of intensity, hue, and tint; but if 
any other three independent qnalities had been chosen, the 
one set might have been expressed in terms of the other, and 
the results identified. 

The theory winch I adopt assumes the existence of three 
elementary sensations, by the combination of which all the 
actual sensations of colour are produced- It will be shown 
that it is not necessary to specify any given colours as typical 
of these sensations. Young has called them red^ green, and 
violet; but any other three colours might have been chosen, 
provided that white resulted from their combination in proper 
proportions. 

Before going farther I would observe, that the important 
part of the theory is not that three elements enter into our 
sensation of colour, but that there are only three. Optically, 
there are as many elements in the composition of a ray of 
light as there are different kinds of light lu its spectrum ; 
and, therefore, strictly speak ingj its nature depends on an 
infinite number of independent variables. 

I now go on to the geometrical form into which the theory 
may be thrown* Let it be granted that the three pure sen- 
sations correspond to the colours red, 
green, and violet, and that we can 
estimate the intensity of each of these 
sensations numerically. 

Let V r g be the angular points of 
a triangle, and conceive the three 
sensations as having their positions 
at these points* If we tind the nu« 
merical measure of the red, green, 
and violet parts of the sensation of a „ 
given colour, and then place weights 
proportional to these parts at r g and t/, and find the centre 
of gravity of the three weights by the ordinary process, that 
point will be the position of ^tbe given colour, and the nu- 
merical measure of its intensity will be the sum of the three 
primitive sensations. 
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In tills \vaj% every possible calour may have its pogition 
and intensity ascertained ; and it is easy to see that when two 
compound colours are combined, their centre of gravity is 
the position of the new colour. 

The idea of this geometrical nietiiod of investigating colours 
is to be found in Newton's Opticks (Book I., Part 2, Prop* 6.), 
but I am not aware that it has been ever employed in prac- 
tice, except in the reduction of the experiments which I have 
just made. The accuracy of the metijod depends entirely on 
the trutii of the tlieory of three sensations, and therefore ita 
success is a testimony in favour of that tlieory, 

Every possible colour must be included within the triangle 
r g V. White will be found at some point, w, witliin the 
triangle. If lines be drawn through w to any point, the 
colour at that point will vary in hue according to the 
angular position of the line drawn to lOy atid the purity of 
the tint wlH depend on the length of that line. 

Though the homogeneous rays of the prismatic spectrum 
are absolutely pure in themselves, yet they do not give rise 
to the *'pure sensations" of which w^e are speaking. Every 
ray of the spectrum gives rise to all three sensations, though in 
different proportions; hence the position of the colours of the 
sj3cctrum is n<jt at the boundary of tlje triangle, but in some 
curve G R Y G B V considerably witlun the triangle* The 
nature of tliis curve is not yet determined, but may form the 
subject of a future investigation. 

All natural colours must be wdtliin this curve, and all 
oHinary pigments do in fact lie very much within it. The 
experiments on the colours of tlie spectrum which I have 
made are not brought to the same degree of accuracy as 
those on coloured papers. I therefore proceed at once to de- 
scribe the mode of making those experiments which I have 
found most simple and convenient* 
The coloured paper is cut into the 
form of discs, each with a small 
hole in the centre, and divided along 
a radius, so as to admit of several 
of them being placed on the same 
axis, so that part of each is ex- 
posed. By sli]>ping one disc over 
another, we can expose any given 
portion of each colour. These discs 
are placed on a little top or teetotum, consisting of a flat 
disc of tin-plate and a vertical axis of ivory. This a%is 
passes through the centre of the discs, and the quantity of 
each colour exposed is measured by a graduation on the rim 
of the disc, which is divided into 100 parts. 
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By spiiming the top, each colour is presented to the eye 
for a time praportional to the angle of the sector exposed, 
and I have found hy independent expemnents, that the 
colour produced hy fast spinning is identical with that pro- 
duced hy causing the light of the different colours to fall on 
the retina at once* 

By properly arranging the discs, any given colour may be 
imitated and afterwards registered hy the graduation on the 
rim of the top. The principal use of the top is to ohtain colour* 
equations. These are got hy producing, hy two different com- 
binations of colours, the same mixed tint. For this purpose 
there is another set of discs, half the diameter of the otlters, 
which lie above tliera, and by which the second combination 
of colour.^ is formed. 

The two comhinjitions being close together, may he ac- 
curately compared, and when they are made sensibly identi- 
cal, the proportions of the different colours in each is regis- 
tered, and the results equated. 

These equations in the case of ordinary vision^ are always 
between four colours, not including black. 

From them, hy a very simple rule, the different colours and 
compounds have their places assigned on the triangle of co*- 
lours. The rule for finding the position is this : — Assunu* any 
three points as the positions of your tlirce standard colours, 
whatever they are ; then form an equation between the tJiree 
standard colours, the given colour and black, by arranging 
these colours on tlie inner and outer circles so as to pro<luce 
an identity when spun. Bring the given colour to the lelt-band 
side of the equation, and the three standard colours to the 
right hand, leaving out black, then the position of the given 
colour is the centre of gravity of three masses, whose weights 
are as the number of degrees of each of the standard colours, 
taken positive or negative, as the ease may be. 

In this way the triangle of colours may be constructed by 
scale and compass from experiments on ordinary vision. I 
now proceed to state the results of experiments on Colour- 
Blind vision. 

If we find two combinations of colours which appear identi- 
cal to a Colour-Blind person, and mark ibeir positions on the 
triangle of colours, then the straight line passing through 
these points will pass through all points corresponditig to 
other colours, which, to such a person, appear identical with 
the first two. 
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We may in the same way find other lines passing through 
the series of colours which appear 
alike to the Colour-Blind. All these 
lines either pass through one point 
or are parallel, according to the 
standard colours which we have 
assumed, and the other arbitrary 
assumptions we may have made. 
Knowing this law of Colour-Blind 
vision, we may predict any num- 
ber of equations which will be true 
for eyes having this defect. 

The mathematical expression of 
th e difference be tween Colour-Blind 
and ordinary vision is, that colour to the former is a func- 
tion of two independent variables, but to an ordinary eye, 
of three ; and that the relation of the two kinds of vision 
is not arbitrary, but indicates the absence of a determinate 
sensation, depending perhaps upon some undiscovered struc- 
ture or organic arrangement, which forms one-third of the 
apparatus by which we receive sensations of colour. 

Suppose the absent structure to be that which is brought 
most into play when red light falls on our eyes, then to the 
Colour-Blind red light will be visible only so far as it affects 
the other two sensations, say of blue and green. It will, 
therefore, appear to them much less bright than to us, and 
will excite a sensation not distinguishable from that of a 
bluish-green light. 

I cannot at present recover the results of all my experi- 
ments ; but I recollect that the neutral colours for a Colour- 
Blind person may be produced by combining 6 degrees of 
ultramarine with 94 of vermilion, or 60 of emerald-green 
with 40 of ultramarine. The first of these, I suppose to 
represent to our eyes the kind of red which belongs to the 
red sensation. It excites the other two sensations, and is, 
therefore, visible to the Colour-Blind, but it appears very 
dark to them and of no definite colour. I therefore suspect 
that one of the three sensations in perfect vision will be 
found to correspond to a red of the same hue, but of much 
greater purity of tint. Of the nature of the other two, I can 
say nothing definite, except that one must correspond to a 
blue, and the other to a green, verging to yellow. 

I hope what I have written may help you in any way in 
your experiments. I have put down many things simply to 
indicate a way of thinking about colours which belongs to 
this theory of a triple sensation. We are indebted to New- 
ton for the original design ; to Young for the suggestion of 
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the means of working it out ; to Prof. Forbes^ for a scienti- 
fic history of its application to practice ; to Hehnholtz for a 
rigorous examination of the facts on which it rests ; and to 
Prof. Grassmann (in the Phil. Mag. for 1852), for an admir- 
able theoretical exposition of the subject. The colours given 
in Hay's *' Nomenclature of Colours*^ are illustrations of a 
similar theory applied to mixtures of pigments, but the re- 
sults are often different from those in which the colours are 
combined by the eye alone. I hope soon to have results 
with pigments compared with those given by the prismatic 
spectrum, and then, perhaps, some more definite results may 
be obtained. 

Yours truly, 

J. C. Maxwell. 

Edinburgh, 4tA Jan. 1855. 

1 Phil. Mag., 1848. 
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NOTE A, 



OF THl TEEMS DALTONISM AKD DALTOlflAK. 

In eonfiecti&n teithpa^e 6. 

Professor Wartmann, in his " Deuxi^me M^moire but le Daltoniame, 
oa la Djrscbromatopsie ; Geneve, 1 849/' pp. 1-4, refers to the ** reck* 
mations'* raised in this country, bjr mjaelf and others^ against the xme of 
the words Daltonism and Daltonian, in his first memoir; and aft-er show- 
ing that ha onlj followed Prevost, who was justified by Dalton'a own 
account of his tiase, in using those terms, vindicates their continued em- 
ploy me att by a demonstration of tlieir convenience, and their general 
adoption abroad, 

Wartraann was assuredly blamelees in his use of the questionable words, 
as I have fully acknowledged in the text of this work (p. 6), and, along with. 
Prevost, may justly appeal to Dalton, as tacUly warranting their employ- 
ment. This no one who has r^ad Dalton's own memoir will question^ 
and I have dwelt upon the point in the Appendix to Dr Henry's Life of 
Dalton, p. 240, {Printed for the Cavendish Soeietift 1854.) 

At the same time, however difficult it may be to supply terms as con- 
venient as " Daltonism,** and still more ** Daltonian/' are, I think the ac- 
complished continental philosophers who vindicate their employment will 
not be indifferent to the following argument against their use* 

It has never been the practice of the civilized nations of Europe, in 
their graver writings, to connect the name of an individual with a second- 
ary or trivial point in his history, opinions^ or character * but, on the 
other hand, wlien they have embodied a surname in a noun or adjective, 
it has had reference to the most prominent moral or intellectual features 
which have characterised the individual, and rendered him famous or 
infamous. 

Such terms as Simony, Machiavellianism, Socratic, Platonic, Aristo- 
telian, Cartesian, Coper nican, Baconian, Newtonian, Lutheran, Calvinistic, 
Galviiiiitr, Voltaic, and many more, connect those from wliose names they 
are taken with the most promtneiat act^ or thoughts which have made 
them memorable for good or evil* 

There are doubtless exceptions, as in the word '' Caesarian/' in iU 
medical application to a special abdominal section, but the exceptional 
rarity and peculiarity of such cases establish the rule which they trans- 
gress* Now, applying this rule, I ask, "Is Colour-blindness the feature 
in Dalton's individuality for which hti name is now, and is long likely to 
be prefierved in remembrance?" 
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It may Lave been the most memorable thing about him when he pub- 
lished the account of his peculiarity of vision in 1798. But now, his 
discoveries in Physics, and above all, his speculations on Atomics, are 
the things that make him famous, and Daltonism should signify the Doc- 
trine of Indivisible Chemical Atoms ; and a Daltonian, a believer in 
such. I submit, therefore, that it is as unbecoming to commemorate by 
Daltonism and Daltonian the defect in the eyes of Dalton, as it would 
be to signify by the word Socratic the possession of an ill-shaped nose 
like that of Socrates. 



NOTE B. 

ON THE PARALYSING INFLUENCE OP INTENSE LIGHT ON THE RETINA. 

In connection with page 42. 

As stated in the text, ** when red, blue, or yellow is diluted with 
white, a point is ultimately reached with every eye at which the excess 
of uncoloured light accompanying the colour renders the retina insensi- 
tive to the impression of the latter." I had recently an unexpected 
opportunity of observing the paralysing influence of intense light on the 
retina, which, though not bearing more on the phenomena of colour- 
blind than of normal vision, seems of sufficient interest to deserve record. 

On the evening of the 6th of June 1855, a severe thunderstorm, ac- 
companied by a very splendid show of lightning, visited Edinburgh. With 
no special object, other than to observe the splendour of the sight, I shut 
myself, about 11 p.m., in a small room, commanding a full view of the 
southern sky. Between the intervals of the lightning, the illumination was 
very faint, but a road-lamp, about a hundred feet distant, shining obliquely 
througli the window, cast the shadow of its bars distinctly on a side wall. 

When the great flashes came, they laited for an appreciable time, were 
rose-coloured or pale- purple, and very brilliant, and I was startled by 
observing, that after their occurrence I became for a sensible period totally 
blind. The sky, the window, and the reflection on the wall, utterly 
vanished. I felt as if some solid, opaque, black mass touched my face, 
a sensation quite diflerent from that experienced in ordinary darkness ; 
and from this I emerged in a moment, to perceive the window and its 
frame. 

I was taken by surprise the first time this blindness occurred, but as 
the discharges of lightning continued till midnight, I repeated the obser- 
vation with the same result more than a dozen times, placing my finger 
on the upper eye-lid so as to make certain that I did not close it in con- 
sequence of the flash. I observed no complementary white bars on a 
black window, or any yellow spectrum answering to the purple flashes ; 
the retina was utterly paralysed, and presented no luminous image 
at all. 

The high luminous intensity of electric flashes is generally overlooked, 
owing to their colour, although attention has been directed to their bright- 
ness by more than one writer. Sunlight may be as bright or brighter, 
but we cannot voluntarily subject our eyes to its influence, as we can or 
rather must, to the glare of lightning, whose duration is so fleeting, that 
we cannot escape from its brightness. 
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NOTE C. 

OJf THE BBX,ATIVE VJ^JBlhlTt OF BBD AKB BLUE BY TWILIGHT. 

In connection with pages 64, 67^ 

In a note to iiage 134 of the Soppleiuent, I have referred to the tv; ofold 
explanation vihifh nmy be given of the diminisbed Tbibtlity of red^ and 
increaBed visibility of blue, by twilight. In tlie text and Siipplementarj 
Note the phenomenon is illustrated alotost entir«ily b/ reference te the 
stereoscope and to sheets of coloured glass, but it maj be ob^served quite 
as well with flowers or tinted papers. Nothing, indeed, shows it better 
than paper coloured by ultramarine on which letters are printed. In 
fall daylight the blue dazzles the eye, and the black lettersj if amall, are 
read with an oifort. At ten or deven p.m. in the middle of June, the 
ultramarine seemed as pale aa blue writing pa]jcr, and the printed letters 
stood out trom it in most striking contrast. By the aame light, paper 
coloured with carmine or varmtUon api>eared nearly blacky and in bouquets 
of flowers those which, from their redness, were most conspicuous by day- 
light were darkest. Thus, a brilliant scarlet unemone, a red jaixmica 
[PffritiOT Cifdo}najaponica) and a crimson rhododendron were recognized 
only by their form, whilst a blue gontiftn (Gaitiandla), which was the 
darkest flower by daj, Hglitened into a pale grey under advanced twilight. 
When a aeries of flowers, arranged bj another person in a group, was given 
me by midsummer twilight, I found that I missed altogether some of the 
red flowers, and inferred the colour of others of the same tint only from 
their shape. Yellow flowers had a strange lurid colour, and blue petals 
seemed of a watery grey or pale neutral tint. It is startling to transfer 
suddenly such a paUiJ and dusky nosegay to artificial light. Bright reda 
and yellows start into view where there was least promise of colonr, and 
pale grey a deepen into dark blues. 

How far those results depend on the diminished number of red rays 
i^^ twilight, how far on the smaller sensibility of the retina to weak red 
than to weak blue light, I cannot as yet deterroine. It is even a qnestiyn 
whetlver there is any diflereneo in the visibility of red and blue light 
when they aro furniahed to the retina of equally low intensity and in 
eqaal quantity ; hut a satisfactory ^xperimmttum cruck on this point hai 
not been made. 

It has seemed to me that dark purple flowers, in which, dose at hand, 
red was distinctly visible, appeared at a short distance, and by full day- 
light, only blue, or at least much bluer, but here there was from the first 
much more blue in them than red, nor does the obaer ration admit of great 
precision. 



NOTE D. 

OK THE STATISTrCS OP OOLOUH-BLINDITEaS AMOKO FElTALlS, 

In connsctlon with page fS 

Smt?e the text was written I have been informed of a few more eages of 
colour- blindness occurring among educated women in this country, but I 
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have not been so fortunate as to encounter any of these cases, so as to de- 
scribe its peculiarities. As the ladies in question, however, betrayed them- 
selves, when purchasing silk, by the characteristic mistakes of the colour- 
blind in reference to red, and were known not to be able to distinguish 
poppies among unripe corn, there can be no question concerning the quality 
of their vision. The general tendency, however, of my later inquiries, as 
of my earlier ones, is to show that colour-blindness is very much rarer 
among women than men. From Wartmann's Deuxieme Mtmoire, p. 19, 
which was not in my hands when the text of the statistics was written, 1 
leam the particulars of an interesting case illustrating this. Dr Pliny 
Earle, of the United States, numbers among seventy-one relatives, thirty- 
two of whom are males and twenty-nine females, twenty cases of colour- 
blindness, but of these eighteen occur in the males, and only two in the 
females. * Wartmann also quotes from Dr F. Cunier a remarkable example 
of colour-blindness attaching to the females rather than to the males in a 
family line, and this through five generations. 

Madame 0., residing near Mens, cannot distinguish deep blue from 
cherry-red. Her mother and her two sisters are similarly circumstanced ; 
her brother's vision is normal. Madame O. has had six children, one son, 
who is not colour-blind, and five daughters, whose vision is like her own. 
The oldest of these daughters has four children, two of whom are girls, and 
have inherited the vision of their mother. The second has a boy and a 
girl, — the latter is colour-blind. The third has one child, a boy, whose 
vision is normah The fourth is not married. The fifth has left a boy, 
who is short-sighted, but not defective in his perception of colours. So that 
in this line colour-blindness has descended solely through the mothers, 
and solely to the daughters. The original account of this singular case 
is contained in Annales d' Oculistique, t. i. p. 417. (Quoted in Wart- 
mann's 2de Memoire, p. 19J 



NOTE E. 

ON THE RELATION OF THE YELLOW SPOT OF THE RETINA TO COLOUR- 
VISION. 

In connection with page 83. 

Mr James Clerk Maxwell has communicated to me a very interesting 
observation on the relative visibility of yellow and blue light when re- 
ceived on the yellow spot of the retina, which, in illustration and exten- 
sion of the subjects discussed at pages 83-87 of the text, I give here in his 
own words, from a letter dated July 27, 1855. 

'* Last year I was observing the spectrum formed by along slit, using 
a single prism and the naked eye. I then first observed that a peculiar 
dark appearance (which I supposed to belong to the blue near the line F) 
extended only to that part of the spectrum to which the eye was directed ; 
above and below, the blue was much brighter, and by moving the eye, 
the blue spot ran up and down the blue band of the spectrum as if con- 
fined in a groove. I found that none of the other colours became dark 
in the same way when looked at directly. 

• At page 112 I have erroneously represented Dr Farle as having only seventeen 
colour-blind relatives. 
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** Last spring, Professor Purbes kindlj allowed me tlie n&e of his ap- 
paratus for the purpose of repeating this observation. By miug a tele- 
scope along with the priem, and so obtaining a large field of pure colour, 
1 found that the dark spot could be best seen in the blue, and presi>nted 
the appearance weU known to be due to the yellow spot. It became 
fainter in the in ore refrangible rays, but waa brightest in the line F, 
and on to G. Beween F and E, I think, it suddenly disappeared, re- 
appetiring as a light spot In t]ie yelluw and orange, I am not quite Burej 
however J that the latter eifeet was not produced hy the former ; for I 
could not attain it without looking first at the blue, and then suddenly 
at the jellovv, 

** The host way of seeing thiB is by raeana of a whirling dise, supported 
by an axis^ so that it may be made to go slow for some time without 
stopping. By putting on this disc, sectors of ultramarine and chrome 
yellow in the proportion of 3 to 1, the effect of the change of the light 
entering the eye from yellow to blue might be observed by slowly turn- 
ing the disc, so that each colour might be a sensible time before the eye, 
which was kept steady. Every time the blue came opposite, the dark 
spot appeared, and seemed to fade away gradually, if tiie yellow did not 
come in to relieve the eye from the et!ect of the blue. By properly 
adjusting the speed, the dark spot could be made to glimmer in a very 
conspicustua manner. 

"The result shows that the yellow spot is IcM sensitive to Uue ray a 
thuTi other parts of the retina. That it is more sensitive to ifdlow rays 
is less certain. A bright spot is seen when yellow succeeds blue, but I 
have not produced it by simply admitting yellow light/* 

Mr Maxwell intends to prosecute this inquiry. 



NOTE F, 



ON fJJE TEAlTSMISSlaN OF THE ACTINIC RATS OF LIGHT BY TOE 
HtJMOt-fiS^ OP l^HE EYE. 

In eonnecHon with page B5. 

Wartmann, in his Deuix:ieine 3femoiref p. 40, states, that " the eye 
has the property of admitting only the luminous rays of the spectrum ; 
it arrests the chemical radiations which accompany the more refrangible 
rays," In proof of this, he refers to experiments made with Guaiao 
resin, which, as first pointed out by WoUaBton, becomes blue when freely 
exposed to the violet rays, but recovers its yellow colour under the red 
rays. This resin, however, if exposed to the more refrangible rays be- 
low the crystalline lens of an animal's eye, acquires only a light green 
colour, and changes to this if it have previously been rendered blue by 
direct exposure to the violet rays. This effect, Wartmann adds, is still 
more markedj if the cornea as well aa the lens ii made to transmit the 
light, 

I have (Questioned the adequacy of these experiments, without detailing 
them (noff, p. 85) to decide the question under consideration, Guaiao 
resin is not sufficiently sensitive to actinic influence to furnish a delicate 
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test of the transmisslbility of the chemical rays of light by the humours 
of the eye. Only the daguerreotype-plate, or the highly-sensitive surface 
of coliod ionized glass, or calotype-paper, could determine the question. 

As it was of interest, in relation to the Theory of Vision, to settle this 
point, I gladly availed myself last autumn of the offer of Mr Allan B. 
Dick and Mr John Spiller, both of the Metallurgical Laboratory, 28 Jer- 
myn Street, London, to make the requisite trials. The former had been 
my laboratory pupil and assistant for several years, and was known to 
me as a skilful manipulator and very conscientious observer ; the latter 
received the same character from my friend, Dr Percy, the Professor of 
Metallurgical Chemistry in the Jermyn Street School of Science, and has 
the reputation of being an experienced photographer. The collodionized 
glass plate with the rhombic image on it, and the negative pictures of the 
key, and of the window-curtain referred to in the succeeding statement, 
were sent to me, and fully coincide with what is related concerning them. 

Experiments to determine whether the Chemical Rays are transmitted 
through the Humours of the Eye, By Messrs Dick and Spiller. 

An ox-eye was prepared by cutting away the sclerotic until the cho- 
roid came into view ; a circular aperture of one-eighth of an inch in dia- 
meter was then made through this membrane and the retina, which laid 
bare the vitreous humour at a point opposite to that where the light 
enters. The eye was then supported in the brass mounting of a photo- 
graphic lens {i. e,, a brass tube adapted to the front of a camera) resting 
at the posterior end on a ring of cork which fitted tightly into the tube, 
and retained in front by a diaphragm, so as to permit the cornea to pro- 
trude. From the arrangement of the fittings, we are quite satisfied that 
no light, excepting that which passed through the eye, could enter the 
camera. 

Within the dark box, a strip of black paper with a diamond- shaped or 
rhombic aperture occupying the greater part of its breadth, was extended 
across in front of the prepared collodion plate, so as to throw its image on 
the latter in the event of any chemical rays finding their way to it. The 
camera was then pointed to the sky (the morning being bright and the 
sun shining), and the plate exposed for fifteen seconds. On developing 
with solution of sulphate of iron, a very decided picture appeared. The 
glass plate which accompanies this paper was the result of twenty seconds' 
exposure. 

The conclusion derived from this experiment, although perfectly satis- 
factory to those who arranged the apparatus, is open to the objection on 
the part of others, that the picture does not present any prima facie evi- 
dence of its being the result of rays which have passed through the eye. 
We therefore endeavoured to copy photographically the actual image 
which is depicted on the retina. To do so, another bullock's eye was 
carefully dissected, so as to open a circular space of about three-eighths of 
an inch in diameter at the back of the eye, the retina was removed, and a 
very thin film of glass, in shape like a watch-glass, substituted for it ; this 
supported the vitreous humour in its original position, and served also to 
prevent its contact with the photographic paper placed behind to receive 
the impression. In another trial, the retina was left untouched, without 
altering the ultimate result. 
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Iodide of silTer paper waa then iriade Bensitive to light hy a wash of 
gaUO'Uitrate of siWer* and used as in the talbotype process, a mall squareH 
of the wet paper being ^uccefisively applkd to the back of the thin glasff 
film and exposed for varying periods (une minute on an average) to the 
different objects to which the boUock^s eye was presented. On developing 
the latent images with strung gallo-nitrate of Bilver, very distinct pic- 
tures were obtained of a key and of a spotted window-ctxrtain. These 
negative pictures are enclosed. It is thus beyond a doubt that the 
chemical raya penetrate the humoura of the eye and impinge upon the 
retina, 

Allan B. Dick. 

Xowdoftj Octoh^ 11, 18c"54. John Spilleu. 



KOTE a 

OK THE RILATIOW OF THE COLOUK OF THE CHOROID TO COLOUR- 
VISIOK ; ANB ON ALBINISM W RELATION TO COLOUR-BLINDKESS, 

In conne^stion with pages 88-104* 

The question discussed in the pages indicated above is in some re- 
spects treated more fully in the paper *' On the eye as a Camera Ob^ 
*c«ra/' Trans. K. S. E., voL xxL^ part ii*, p* 327, in which the eon- 
olnsions contained in the tejct are sbghtly modified, and greatly extended* 
The points in that paper most calling for notice, as alFecting the etate- 
ments made in reference to intra -ocular reflection throughout the whole 
discussion of the chromatic theory of colour-blindneBs (pp. 77-104)^ ar« 
tbe following : — 

1. The existence of much reflection of light from the retina and 
oboToid in the human eye has been established in the fullest way since 
eye -specula and opthalmosoopes have been multiplied and extensively 
employed- 

2. The observations on tbe colour oi^ tbe human choroid, and of the 
light re fleeted from it (pp. 98-100)^ which, in the tejit* are based chiefly 
upon examtuations of the dead eye, can now be replaced by results ob- 
tained through examinations of the living eye. From these it appears that 
the light reflected from the human choroid is alwajs red, yellowish -red 
or brownish -red. Tbe term pfde^ frequently applied in the text to the 
surface of tbe choroid (p, 100), must be understood as referring to the dead 
eye, and us implying a small amount of pigment um nigrum, Tbe pale 
surface of the dead choroid, with its bloodvessels empty, is hright-red 
during life when these vessels are filled with blood. 

3. A careftil examination of human and animal albinoea has satisfied 
me that their Tjsion, though sometimes exercised with discomfort, is 
opticallj' as jjerfect as that of non-albinoeB, They cannot see in light so 
bright as to dazzle them, but neither can the posseiaors of normal eyes, and 
in continuous light such as can be borne by them, albiiioes see ditstinotly^ 
although intra ocular reflection is at a maximum in their eyes. Instead, 
therefore, of their vision throwing a difficulty in the way of the conclu- 
sions urged in the text, which the statemenfa of writers on albinism had 
led me to think it did, I am satisfied, from mj own observations on 
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animal albinoes, and from the testimony of intelligent albinoes of our 
own race, that the reverse is the case. And if vision be compatible 
with the immense amount of internal reflection occurring in the albino 
eye, it can suffer no obstruction from the much smaller amount occurring 
in the normal eye, whether provided with a tapetum or not. 

4. The suggestion in the text that the light returned through the 
retina from the choroid behind it is positively serviceable to vision, is 
likely to be more than confirmed by the recent microscopic investiga- 
tions of the retina made on the continent and in this country. Professor 
Goodsir of Edinburgh, in particular, has made known a striking hypo- 
thesis according to which, vision is exercised solely by the light returned 
from the choroid. — See P. 8. to Memoir on the Eye as a Camera Ohscura, 

So far as albinism is related to colour-blindness, I have mentioned in 
that memoir that an Albino girl, carefully examined by Mr James C. 
Maxwell and myself as to her sense of colour, was found to possess that 
sense in perfection, so that she adds another case to those already on 
record, as proving that Albinism and Colour- Blindness do not necessarily 
go together. 

Since the publication of that case, I have received an account of the 
more marked features of his Albinism from a barrister in England, an 
experienced observer, and highly accomplished man. After stating that 
he generally uses the left eye in reading, and that he is very short-sighted, 
he continues, " The eye is clear and correct so far as it goes, and ap- 
preciates colour well." He also mentions that his eyes ** are impatient 
of light ; but though much inconvenienced by it, I do not think my vi- 
sion is better in twilight or worse in sunlight." This fact is of great 
interest to myself, as vindicating the justice of the conclusion which I 
have urged, that the vision of Albinoes may be painful, but is not 
optically defective. 



NOTE H. 

ON THE PHRENOLOGICAL ORGAN OP COLOUR IN RELATION TO . 
COLOUR-BLINDNESS. 

In connection with pages 104-108. 

In his important work just published, " Phrenology applied to Paint- 
ing and Sculpture," Edinburgh, 1855, Mr George Combe has commented 
on the opinions I have expressed in the text adverse to the phrenological 
explanation of Colour- Blindness (see Appendix to his work. No. I., p. 146). 
With rare courtesy, Mr Combe allowed me to peruse his criticism in proof, 
and willingly altered it where my meaning had been misapprehended. As 
it now stands, 1 have to acknowledge the justice of his objection to the pas- 
sage on page 108, which runs thus : — " It appears vain, therefore, to ex- 
pect to discover the existence of Colour- Blindness by so rude an external 
indication as the prominence over a small area of one of the plates of the 
skull." If the reader will alter ** the prominence" into " the degree of 
prominence," he will render my meaning distinct. The preceding con- 
text will show that I did not seek to attribute to phrenologists the opinion 
that a prominence in the superciliary ridge is the index of an imperfect 
sense of colour, but the reverse. The sentence, however, if taken alone, 
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seeme to signify thifl, and, liad I pBTCeived its ambiguity, would have been 
altered* 

This J however, is a secondary point. The luain object of Mr Comb©*8 
fitricturesia to show that the only cases which afford instantiiis crucis, in 
reference to the phrenological explanation of Colour Blindness, are those 
which present *' a great and manifest depression" in the enperclliary seat 
of the * organ of Colour.' *^ A depression of tU is kind," say a Mr Combe ^ 
" phrenologists affirm is umforfnli/ accompanied by a greater or less degree 
of deficiencj iu the mental power of perceiving, discrimirmting, und re- 
membering colours ; not, however, in all cases amounting to Colour- Blind- 
ness/' [Op. cit.j p, 146) ; and as the late Lord Jeffrey had been referred 
to by phrenologists, as possessing a feebly-developed organ of Colour, and 
was therefore a case in point, whilst hisperotiption of colours was In many 
respects remarkable ; I adduced bis example {as he bad done himself), as 
unfavourable to phrenology. Mr Combe now seeks to show, by additional 
evidence, that Lord JetFrey had^ in conformity with his depressed organ of 
Colour, a feeble sense of that quality of bodies* 

As I regard Lord Jeffrey's case as affording in some respects an unes- 
ceptionable hiBtantia cmchf I return here to its consideration, but not in. 
a polemical spirit* 

After adducing a letter from D, R, Hay, Esq., written in answer to 
a request of Mr Combers, that he would give him his opinion on Lord 
Jeffrey's mental power in regard to colour, and containing the expres^ 
sion on the part of Mr Hay, that Lord Jeffrey " was defective in the 
power of comprehending and appreciating the natural principles of beauty 
in colouring," ^Ir Combe continues, ** I rest the conclusion that Lord 
Jeffrey really had not a great power of appreciating colours on the fact 
that his delir^bt was in brilliant colours, whereas individuals who enjoy 
great sensibility to tints, prefer rich and mellow colours finely harmo- 
nised ; 2dltfj on Mr Hay's testimony tbat he was unable to describe the 
colour he desired to have painted ; and, Sdltff that he absolutely denied 
the existence of harmonic relations between colours, and showed practi- 
cally that he was blind to them;'' 

Now, whether Lord JeJfrey had a Jint sense of the Jjarmony of 
colours, is not a question I propose to discuss. No one is better entitled 
than Mr Hay to decide such a pointy provided his means of testing it 
were sufficient. But they do not appear to have been ; at least the 
reasons he assigns for the opinion given in the close of his letter are 
very inadequate ; the majority of them being founded on negative ob- 
servations, and those which are not, resting on statements which, in my 
judgment, warrant the very opposite conclusion of that he draws, I 
aOude to them here, only in so far as they affect the determination of 
Lord Jeffrey^s perception of colour as a sinii>le phenomenon. His 
delight in brilliant colours is no proof that he could not distinguish 
sombre ones, for the two powers are found together in the great painters 
famous as colourists, If^ indeed, it could be shown that ho delighted 
onlif in bright colours, the argument might bo worth something, but this 
is not shown, and the opposite appears to have been the case ; for by 
Mr Hay's account he preferred a very subilued colour for his dining- 
room walls. Kor can he be said not to have described this particular 
colour when he spoke of it, as Mr Hay soys he did, *' as something be- 
tween the colour of an old parchment and an Etruscan vase." The 
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autbor of the *' Nomenclature of Colours," whti does not bijuBelf propose 
a name for the ainbiguoua wlour, will, I am 8UT«, not decline to udctiow- 
ledge that such mixed tlnU are not easllj deBaedf eveu bj thoie who 
haTe made oolour- nomenclature a Bpeciul ftiidj, and that even ediicated 
amateurs ha?e onlj a single vague ttrm, such as bulf, drab^ or atone 
colour, to apply to them throughout many shadea. Mr Haj*s statement 
alaa, that Lord Jetfrey npiwared, in fixing on the colour of the walb of 
hifl diniijg room, to ma^e little or no allowance for the influence of the 
drapery, furniture, and oihiir accessories of the room, in aliecttng the 
tint of the WitUsj is at best a most uncertiiin ci>ncluaion. Lord Jef- 
frey's silence on these point* 18 held to signify that he was indifferent 
to the contrast of colours, althougii it took the artists the greatest trouble 
to paint a wiiU BO as to please him. His action here was surely as ex- 
pressive as words could have been. Only recently Mr Hay himself, Field, 
Chevreul^ and a few other autbors, have accustomed us to remember in 
OUT house decoratioDff, how mucli the quality of one colour is aifeeted by 
its proximity to another. It is too much, surely, to expect that a priv^ate 
gentleman who isad ntn*er handled colours, slmuld be as rau«h and aa 
consciouily alive as a skilful and c^xperienced professional painter, to the 
efl^ect of approximated tints in altering the appearance of each other : 
the great majority of educated men would still, I apprehend, if judged 
by their foruial refcrenees to the subject, appear to be as indifl'ereat as 
Lord Jeffrey to the modifications of colours induced by their juxtapoei- 
tiou. If l]e WLia indifferent, why was he so fastidioiia ? I cannot indeed 
avoid asking Mr Combe and Mr Hay if it is not singularly at variance 
with their conclusions, that a person e^e hjpothed so defieieut in appre- 
ciation of colour as Lord Jeifrey, should so pertinaciously insist n|K>n a 
particular subdued tint, and no other, being applied to luit waila. One 
would have expected him, according to Mr Combe's view of his caae, to 
have choden iome brilliant colour , and to have beeni hj no means nice 
as to its exact tint or shade- 

Nor am I at all flatisfied that Mr Combe is justified in his conclusion, 
that Lord Jeffrey wa^ blind to the existence of harmonic relations be- 
tween colours. His denial that such relations existed, is at least no proof 
that he was not alive to them, Mr Husk in denies the complementary 
harmony of colours, and yet shows by hla writings that he fully appre- 
ciates it. Lord Jeffrey 6 Associatioji-theory of Beauty led him to attri- 
bute to anything rather than a native power of perception, the pleasure 
which contrasted sights or sounds gave him ; but most certainly (aa the 
dining-room wall iHustratea) all coloLirs did not equally please him, and 
the question of real importance, but on which we have no evidence, is, 
what were tlie contrasts of colour whi«h gave him pleasure, not how did 
he account for that pleasure. 

But I &haU be content to urge that Lord Jeffrey's peiception of single 
colours was perfect. On this point there is no room for doubt. Mr 
Hay states, in his letter to Mr Combe, that ** In respect to single colours 
Lord Jeffrey was peculiarly fastidious in his choice f and in the text of 
this work I have referred to his recorded delight in looking at bril- 
liant colours J and his rare power of matching colours from memory. 
He was thus the very reverse of colour-blind, and yet he had the phre- 
ziological index of Colour-blindnesa. The organ of Colour was to a great 
extent wanting in him, and yet he possessed the power of distinguishing 
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ciiloura in great perfection. Even if it be conceded, as for nTgument^t 
Eiiike I win concedii, that he had no sense of the harnionioua relations of 
colour, still, to use Mr Combers own words, he exhibited no "deficiency 
in the menttil power of perceiving* discriminating, and remenihering 
coluurs," If then the depres?ion, «, t. the more or less entire removal, 
of the orgao of Cijlour does not induce coloiir-blindness, with what reason 
can it be argued that where the absence of that organ coincides with the 
presence of colour-blindness, the absence of the one is the cause of the 
presence of the other ? A single case of the undeveloped organ, without 
the developed colour-blindness, is as fatal to the doutrlne, that thoj stand 
to each other in the relation of cause and eifect, as the presence of per- 
fect virion in the absence of the eje would be to the belief that blind- 
ness necessarilj results from the lose of that organ » 

I have dwelt at length upon Lord JeilVey's case, because it appears to 
me unexceptionable, as a test of the relation of colout^ blindness to the 
phrenological organ of ColoLir ; and to be unaifected by the decision either 
way of the question, Had be a keen sense of Chromatic Harmony ? But 
I will go further. Not only is it the fact that there are many persons 
(whateYer may have been the cage with Lord Jeffrey) in whom the power 
of distingniiibiiig colours is largely manifested, without any correspond- 
ing power of recognizing their harmonious relations ; bat the opfjosite is 
also to a great extent tTue, although it has not attracted e^ual attention < 
It is of course impossible for one who carmot perceive colours, to perceive 
their harmonious or inbaruionious contrasts; but many of the colour- 
blind, although they err tlagrantly in the discrimination of certain 
oolourst appear to exhibit a delight in watching the contrasts of those 
which they can diBcriminate. I say " appear," Ibr I would not speak too 
confidently on a subjeot which the absence of a common language be- 
tween the eoluur-bliiid and the colo or- seeing makes it difficult to submit 
to accurate analysis* But the considerable nuniber of professional and 
amateur artists included in my list of colour-blind acquaintances, and 
the mode in which they discuss paintings^ lead me to suspect that thej 
have a perception of colour -harmony greater than their perception of 
colour, I was long diaposed to impute the pleasure which they received 
from coloured works of art, to the recognition simply of the graces of 
form, and outline, and the effects of light and sha^e in such pictures. 
But they do not judge their own cases thus, as the language of Mr It. 
the engraver (p. 27 } and Mr N. (p. 22) will illustrate ; and Dr K. 
|p» 21) claims to receive as much delight from Btty's gorgeous colouring 
as others do. 

K, moreover, a preference of subdued to brilliant colours ia a sign of 
a highly-developed sense of colour (as phrenologists affirm), colour- blind 
artists may claim to possess such a sense, for they work by choice with 
greys and neutral tints. On this, however, Ldo not insist ; but the ])ossibi- 
lity of a sense of colour-harraony co-ejEisting with a defective perception of 
colour ia illustrated by the case of Mr B. (p, 39), who was rendered 
colour-blind by a cerebral injury, and now perceives only bright yoUow 
and blue. His perception of colour- harmony remains notwithstanding, 
and is now a cause of distress, by rendering him alive to the absence of 
those chromatic relations in coloured objects which bis sestbetic aenaa 
craves, lie Is like Beethoven after he became deaf, when he could still 
conceive and com^ (jse the most complex musical harmonies, although ho 
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was unable to detect the fal$e notes of his piano, or the unintended 
diaoordi of his archeBira, When it is remembered that jellow, blue^ 
white, and black are risible, when fullj illuminated, to most of the colour- 
blind, and that red in favourable circumstances m also visible, it will be 
apparent that there is ample room within the circle of these colours for 
the manifestation of a sense of colour harmony. And, actordiugly, 
the colour-blind do not exhibit indiiference to the pleasing and dbpleaa- 
ing contraats of colours^ to the extent of their colour-blindness. To 
Boine of them colour is ecsthetically a negatim quantity^ a aounce neither 
of pleasure nor pain. To others again, within the eompaas of their 
chromatic vision ^ colours are an ohject of deli^^ht^ and their eontrasts are 
to 8ome extent j>erceived, Mj friend Dr E., for example, and I had ad- 
mired flowers together for years without my diaoovering his colour- blind- 
ness, Mr N. (p- 29) etfttea that '4t is quite an mjopnmif to him to look 
at crimson flowers by candle-light. Prof, Y. (p. 32) bat always ** de- 
llgkud m going into a eonservatory by candle-light, because then all the 
purple and red flowers stood out in sueh brill mnt contrast to the green 
leases/* Mr T,, although liable to mistake red for black, is '* fond*' of 
scarlet and crimson, and at the distance of a few feet can see them well 
enough (p, 30) ; and Lady D. stutes that "the colours of nature abound 
in richness to her senses" (p, 37*) 

I would commend (and in no captious spirit) these caaes to the con- 
sideration of phrenologists. Coucedingi for the time^ that there are 
such cerebral organs aa they suppose, the cases adduced apjjear to ren- 
der most improbable the theory that owe such organ is alike the instru- 
ment of the recognition of colour as a simple phenomenon^ and of the 
coutraats, harmonmus and Inharmonious, of colours judged aBsthetically, 
To refer, therefore, as ilr Combe does, to colour-blindiiGss, as if it were 
the extreme or worst result of absence of the organ of Colour, and to a 
defective sense of colour- harmony as a slighter manifestation of the same 
affection of vision, is to employ the language of a hypotheais which our 
experience shows cannot be true, however true it ma^j be that there is & 
portion of the brain sped ally related to the perception of colour. 

The question is ono of interest to psychologists of every school. They 
have long recognised that a sensuously acute '* hearing ear'' and^ an 
sesthetically sensitive " musical ear*' are two different things, seldom pos- 
sesiaed in equal degree, and that the former is a greatly more comnnon 
endowment than the latter » 

The eye is similarly circumatancedj and many of the totally blind 
must possess m a dormant, yet it may be not altogether inactive condi- 
tion, the sense of colour-Iiarniony. Locke's famous blind man, who 
likened scarlet to the sound of a trumpet, was possibly employing this 
sense when he made hia strange comparison, at which we should per- 
haps wonder rather than smile. 

The recognition of colours m themselves is a comparatively simple 
intellectoal act, which probably many of the lower animals can perform 
as readily and perfectly as ourselves. Children, especially girls, dis- 
tinguish oolours with a celerity and certainty which no adult can snr' 
pass ; but in their doll- drea sings and other chromatic devices, they show 
little relish for harmonious colouring, and delight chiefly in gaudy tints. 
It is not, 1 believe, till adolescence is passing into manhood or woman- 
hood that the power of apprehending colour -harmony shows itself with 
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any force ; and tliereafter it requires aDii rewards culttvation to a far 
greater degree than the simple recognition of colours doas. I cannot, 
accordingly, understand how phrenologists acknowledge two organa {Ti7n4 
and Tune) iu reference to the ear, and only one in reference to the eye j 
but it is for them to settle this question. The facta of eolour- blindness 
appear to me to rentier incredible the a;ccepted phrenological doctrine of 
colour. 



NOTE L 

OH REB-AKD-GKEBF SPECTACLiES AS PALLrATlVBS FQll 
aOLOUti-BLlNDXEi^S, 

In connection with pages U5, 116- 

At page 116 I hsLVG expressed au unfavourable opinion in reference 
to the value of red or green spectacles m a means of enabling the colour- 
blind to distinguish red objects from green ones, Mr James C'. Maxwell, 
however, has proposed the employment of red and green glass dmulta- 
n6ou*l^, in a mode which is free from the objections raised in the text 
against the use of either singly. A spectacle frame of the usual kind is 
constructed with one glass red and the othBv grmn, so that the right eye, 
for example, of the wearer of the spectacles looks always through red, and 
the left always through green. Through the red glass red objects appear 
hrighiet* than green ones ; through the green glass green objects appear 
brighter than red ones, so that a colour-blind person puzzled between red 
and green has only to determine whether the doubtful colour appears 
brighter to the right or the left eye* and to set it down as of the colour 
of the glass which brightens it. The spectacles must^ of course, have a 
single bridge, so that the same glass shall always he opposite the mm& 
eye, and the colour-blind party using them must know from independent 
authority which of the eye-pieces is red and which green. 

Mr Maxwelfs descriptiou of this ingenious device is contained in his 
paper '* On Colour ^ as perceived bif th& E^c, with Reiniirks on Colour - 
Blind7ies»,"' Trans. R* S. E, for 1854-55, voL xxi,, part ii. 

The red-and-green spectacles are at present on trial by colour-blind 
parties, and the results wiU in due time be made known by Mr Maat- 
well. 



NOTE J. 

Oir A PECUIilARITY OF EXFEESSI0I7 IN THE ETEB OF GUBTAIN OF 1?U£ 
COLOUB-BLtND. 

In comtectiort with pif^e 152, 

Since the passage in the close of the Supplement, referring to a pecu- 
liar expression in the eyes of certain of the colour-blind, was written, I 
have had the opportunity of observing it somewhat particularly in four 
gentlemen not relatives ^ in two of whom it wus readily recognised by 
others. All the parties referred to have healthy eyes, and excellent 
vision for everything hut colour* One has an aisent, anxious glance p 
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with Bometbing of the expressioD which amaurosis gives, only the pupil 
is small. One has a startled, restless look. The other two have an 
eager, prying, aimless air. The character common to them all, and to 
the other cases I have seen, is this aimlessness of look. Maobeth's refer- 
ence to Banquo's ghost — 

*^ Thou hast no speculation in those eyes 
Which thou dost glare with " — 

very happily expresses the peculiarity which I find it so difficult to de- 
fine. It has not, however, in most cases anything repulsive about it. 
The majority of those I have seen presenting it would be described as 
having fine eyes. In one the wistful, somewhat melancholy, but pleasing 
expression of his eye had attracted my attention long before I knew that 
he was colour-blind. 

I do not know whether Dalton or the other famous examples of colour- 
blindness had any such look as I have referred to. This note may lead 
others to make further inquiry on the matter. 



NOTE K. 

ON THE THEORY OF THREE PRIMARY COLOURS, AKD OF THREE 
ELEMENTARY COLOUR-SENSATIONS. 

In connection with pages 153-159. 

Throughout the Researches and Supplement I have employed the cur- 
rent language in reference to colours, which represents white light aj9 the 
sum of so much red, yellow, and blue light, and the colours of natural 
and artificial objects as depending on the extent to which they send to 
the simply recipient eye more or less of one or other of these three kinds 
of light. This is the only theory of colours, and of their perception, suf- 
ficiently popular to be employed in the discussion of colour-blindness 
before general readers. But since this work was commenced the whole 
question of colour as a product of light, and an object of sensuous per- 
ception, has been discussed by men of great genius and aptitude for phy- 
sical research, and the general tendency of their conclusions has been 
adverse in some respects to the popular theory of colours, whilst the 
phenomena of colour-blindness have been appealed to alike by the advo- 
cates and the assailants of that theory as justifying their view. 

The great majority of practical questions connected with colour-blind- 
ness will not be affected, so far as their exposition and discussion are 
concerned, by the adoption of one of these views rather than the other. 
It is otherwise, however, with the problem of the origin or physical 
cause of colour-blindness ; and as our means of palliating or remedying 
this must largely depend upon our conception of its essential nature, it 
cannot be immaterial from what point of view we regard it. The very 
beautiful and ingenious researches of Mr Maxwell, first announced in 
abstract in the communication on page 153, and since published in full 
in the Transactions of the Royal Society of Edinburgh, (vol. xxi., part 
ii., p. 275), have originated in a theory of colour adverse to the prevalent 
one, but which, in the hands of its advocate, has led to the invention of 
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the colour- top, and to the donee of red and -green spectadeBj which pro- 
mise matermlly to servo the colour-hlmd. After all, however, even the 
theory of eolour-blindnefs ia less affected m its mode of «talt?ment hy 
the particulat view we adopt oi" the nature of light aa judged bj the 
eje, than at first sight might be expected. This will appear from what 
follows. 

In OUT ordiuarj diacussiona on colour we assume deliberatelj or tacitly 
that the hypothetical optical and the actual eensational analysis of light 
must of necessity yield the eanie result. We suppose the eolours we 
flee to he intrinaicaily such as we seo them. What the eye pronounces 
to be red was red before it reached the eye ; it has only recognised the 
redness, which exists the same whether recognised or not. This assump- 
tion plainly df^es not admit of proof. So far as optical analysis ie con^ 
cerned, it appears that, according to 3cime» white solar light can be re- 
solved int^ seven coloured beams, such as Newton is popularly assumed 
to have acknowledged* According to others these seven may be further 
analysed into three, which, following one party, are red, blue, and yellow; 
and, following another, are red, green, and violet. According t<> others 
still, the number of perfectly distinct kinds of coloured light in white 
light is countless. 

This last is the only opinion worth holding when our object ia to com- 
pare the hypothetical optical with the actual sensational analysis of light ; 
for on every other view our reasaning proceeds in a vicious circle : wa 
only compare sensations with sensations. 

Assuming, then, that the kinds of coloured light are in6nite in num- 
ber, we inquire, To what extent does the eye acknowledge this infinity? 
This problem is plainly to a gnjat extent within our reach, as we can 
ascertain by direct trial how many colours we can distinguish fi-om eaeh 
other, and how many we can produce by the mixture of others ; the 
mixture of coloured lightt being preferable in such trials to the mixture 
of pigments , 

Observations made in this way by Newton, Young, Herschel, Brew- 
ster, Helmholtz, Max well i and others, have led to the conclusion that for 
the nonunl eye there are three primary sensations of colour; none of 
these can be produced by the others, either singly or united, but 
mery other colour- sensation is the result of two or all of tliese sen- 
sations being experienced together, in greater or less relative quan- 
tity, intensity, and purity. There is thus a common consent as to the 
existence of three elementary colour-sensations : more than three can- 
not be conceded, for all colour-sensations but three can be referred 
to these : and fewer will not suffice to account for all the colours we 
perceive. 

There is not the same agreement as to what the three elementary 
colour-sensations are, Newton (but tbis is doubtful), llerschel, and 
Brewster, besides many more, liave regarded red, yelloWi and blue tii 
the three sensational colour-elements ; and mankind in general have long 
considered this conclusion at^ established beyond question by the tan i ver- 
bal and successful practice of workers in colours, who prQ<:lnee all the 
tints and hues they desire from miictures of red, yellow, and bine, along 
with white and black. But recent experiments in the hands of J. D. 
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Forbes, Helmholtz, Maxwell, and others, have brought out the very un- 
expected result that although yellow and blue mixed in one way produce 
green, mixed in another way they produce pink ; and this result, as well 
as others, has led some observers, following in this respect Young, to 
deny to yellow and blue the character of primary colour-sensations, and 
to replace them by green and violet ; whilst, as Mr Maxwell has very for- 
cibly illustrated, any three colours may be regarded as primary, provided 
by their union they constitute white light. The phenomena of colour- 
blindness, nevertheless, assign to red a specialty and prominence among 
colours which warrant its being made a primary, and it is the only 
colour which all opticians are willing to consider such. If, however, 
red be retained as one of the chromatic primaries, the other two need 
not differ much from yellow on the one hand, and blue on the other. 
Mr Maxwell, accordingly, whilst declining to speak definitely on the 
non-red primaries, in the absence of any method of determining their 
nature, observes that " one must correspond to blue, and the other to a 
green verging to yellow." — P. 158. (See also Trans. R.S.E., vol. xxi., 
p. 287). 

There is thus comparatively little difference introduced in the lan- 
guage employed to describe the features of colour-blindness, by altering 
two only of the primary colour-sensations. If all three, however, were 
altered, as it is quite competent for any theorist to alter them, provided 
those he substitutes produce by their union in certain proportions white 
light, then the language applicable to normal and abnormal colour- vision 
would demand a corresponding alteration. But the phenomena of 
colour-blindness furnish so strong an argument for regarding red as one 
of the primary sensational colours, that it is likely to keep its place as 
such whatever alteration be made on the other two ; and as the one of 
these will have much blue, and the other much yellow in it, we may, 
without introducing any material error, call them simply blue and yel- 
low, especially as these, along with red (including white and black), can 
be made to yield all the dolours of the painter, dyer, or pigment-maker. 
Accepting these terms, then, we may say that the normal eye reduces its 
colour-sensations to three, and analyses white light into three coloured 
elements, one of which is red ; and that the colour-blind eye, on the other 
hand, reduces its colour-sensations to two, and analyses white light into 
two elements, neither of which is red : for colour-blindness takes its cha- 
racter more from its non-recognition of red than its positive recognition 
of blue and yellow, (or of the other two primaries whatever they are), 
and might with some propriety be called An-erythric (No-red) vision. 

The essential distinction which can thus be drawn between perfect 
normal colour-vision and fully-developed colour-blindness, has not till 
recently been distinctly recognised. Young's hypothesis of a threefold 
retinal or cerebro-nervous arrangement of the normal eye, each portion 
of which is the organ of one of the three primary colour-sensations, pre- 
pared the way for the doctrine discussed above. This doctrine was also 
stated with the greatest clearness in Sir J. Herschel's letter to Dalton, 
quoted at p. 60 ; but, though written in 1832, this letter has only be- 
come known to others than its first receiver since its publication by Dr 
Henry, in his Life of Dalton, p. 25. To Herschel we are indebted for 
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the term Dichromic (cognizant only of two colours), -which most KappUy 
characterizes the colour*blind.* 

The importance of this distinction was brought strongly under my 
notice, before rending Heraehers letter to Dalton, by the discover? of 
those Bingular exaniplea of total blindness to red which are detailed 
in the text of these Researt?hes, but had not previously attracted at* 
tent ion. These ea:ainples could not be studied or describeti, so far as theiF 
mere phenomena were concerned, and apart from all theory (except that 
red ia a primary colonr), without betraying their dichromic chamoter. 
— (Refearcfi^f pp. 53-67). 

The same character was again brought before rae in discuBsing the 
phrenological explanation of colour-blindness, and led me to urge 
that J even if that explanation were well founded, a third only of the 
hypothetical organ of Colour, that, namely, which is related to the 
vision of red, should be wanting in the colour-bliud.^ — {I{ese<trched, 
pp, 107-108). 

And^ lastly, when, putting all theoriea aside, I busied myself with 
the purely practical question of providing three colour- signals for use 
on railways, I was again compelled to notice, not only that the three 
primary colours of popular theory could jiat be distinguished from each 
other by colour-blind signal-men, but that there were no three colours, 
primary (on any theory}, secondary, or more composite, which could 
be distinguished from each other by ihemn-^iSupplenient^ pp, 128 and 
136). It was thus ehown to be a simple fact that normal viiion is tri- 
ckromiCy and colour-blind vision dtchrmmc. 

It is to IVIr Maxwell, however, that we are indebted for the fullest 
exposition of the twofold nature of colour-sensation in the colour- 
blind, as distinguished from its threefold nature in the normal-eyed. 
His researches were carried on independently of mine, and in a dif* 
ferent way. They have led him to conclusions similar to mine on 
the subject discussed in this worlc, but also to many novel and im- 
portant results, which are all his own. He has carried the inquiry 
much further than any one else, and by his simple, but very inge- 
nious and satisfactory mode of experimenting with the colour-top, has, 
Tut the first time, given quantitative analyses of normal as contrasted 
with colour 'blind vision. 

The language, then, of the popular theory of primary colours em- 
ployed in the text of these Researches cannot introduce any error of 
eonaequence into the discussion with which they are occupied ; but I 
would qualify the statements with which this note is chiefly occupied 
by two remarks. 

Igi, It is only in fully-developed colour-blindness that vision ia de- 
cidedly dichromic, and even then it h not absolutely so, at least so 
far as my experience goes. I have not found any colour-blind per- 
ion utterly devoid of the power of recognising red. Even those 
to whom it was frequently invisible, and appeared black, could at 

♦ fTnfortuufttdy Wartmann liaa rendered Hcrjohel's terra less signifioant by bia 
previgus (publishfid) use of " Dichrrnnatic " ia couneetiou with DnItoDiam,toindicata 
tha.t rare form of it charaflterfssed by the perception only of U'hiti and fe/cu-*, in coe^ 
tmdi^ttiDetlou to " Polyohromatitf " Daltonism, where Tarinns colours nre perceived 
«nd many miatakeu* 
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timefl pero^ire it to h% difTefeTit from all otlier ooloum, and nam^d 
it rerL 

2d, It appears to me to ba an LntereBting feature of colour-blind^ 
nesn, which other writers on the subject do not acknowledge , that those 
who saffer from it are liable to misUke the light tints of ail colours for 
each other, and the dark tinta of all colours for each other. I have 
dwelt upon this Tei)eatedly id the test of these Researchea, and refer 
to it here simply to remind the reader that, if my observations ars 
well founded, the vision of the colour-blind is not merelj dichmmie 
in reference to full colours, but, in the case of titifs and ghadee, tends to 
beoome aehromiCt or altogether non-perceptive of colour,* 
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OK COEFI.BMEKTART CJOLOUES AB riRCirTBD BY TUB COLOUll-BLIKD- 

In c&ntinuafion oflmt Note, 

To analj^ light is not the only function of the normal eye. It can 
effect the synthesia of ita eleuienla alao^ and ia canatantly doing so, and 
the diflTer^nce between normal and colour-blind vision is as marked in 
the performance of this synthesis &s in that of the anaJyela discussed in 
the preceding note. 

As all colours are resolved by the perfect eye into three ^ so the power 
of adding to any colour presented to it the other colour or colours wbieb 
along with it constitute white light, is equally its preixigative. In this 
synthesis light is not treated as made up sensationally of three coloured 
elements^ but of two. Of these one h necessarily compound^ and the 
other is either simple or compound^ according as the one-half of the 
colour- elements is a primary colour ^ such as red, or a secondary colour, 
*ncb as purple. 

The colours which thus complete by their union white light, have long 
been distinguished as compUtn^itar^ * The laws regulating their per- 
ception have been more or leas studied from an early time, and all the 
great t^t iters on Optics have dwelt upon them. 

It IS to Chevreul, the French chemist^ however, that we are indebted 
for the fullest study of complementary colours in their phenomenal rela- 
tions, and as objects of perception to the eye, (See his Work on Colour, 
passim}. His predecessors had shown that, when the eye gazes long on 
any colour, it sees, if directed thereafter towards a white ground, the com- 
plementary colour, and (as Chevreul specially illustrates) if turned to a 
new colour, it sees that tinged bj the complement of the first. He haa 
farther shown that, side by side with the visual perception of any colour, 
there arises, without the exercise of long gazing, the impression of its 
complement. This latter es]>erience he refers to as the '* simultaneoiig 
contrast of colours,*' the former as the *' auccessive contrast.*' Many 

• If Yoving*s etilonrs, red, green, and violet^ were takeu as priiuary, then colour- 
blind vision eould not bo cullod dichromic, for all thoHc colours are in whole or m 
part invisible or aneertain to it* If the greeii, however* were a yellow-green it would 
appear yellow to the oolour-blind, and the violet, whatever it« Bbftde^ woKild appear 
blue. 
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TiBual phenomena result from the combmed result of these twofold ex* 
periences. 

Tliere is thus, as it were, a continual eifort on the part of the normal 
eye to produce for itself white light out of its eoIouTed halves. It acts 
as if dijsatisBed with tlie moiety ofljered to it^ and adds of itself the 
missing remainder. 

It is not necessarj to enter into the psjchological or physiological 
explanations of this visual act, T will only remark here of it that it 
appears to he a true example of a polar manifestation of force, under- 
stand Lrig by polarity the exhibition, in two opposite directions or modes^ 
of one force, whi^^h undergoee a twofold division, hut into inseparable 
halves, so that unity co-exiats with division. Thus magnetism displays 
itself as the so-called northern magnetism and southern magnetism, 
which alvvaja go together, and cannot exist apart, so that the production 
of a magnet with only a north or a south pole is impossible. Electri- 
city always shows itself as positive and negative electricity, neither being 
producible without the other, 

Naw, as the production of a north pole in a bar of magnetised iron 
infers and necessitates the development of a south pole, and as the in- 
duction of a positive electric pole cannot take place without the induc- 
tion of a negative electric pole, so it appears that if we develop one-half 
of the full colour- sensation on the retina, it instantly adds the other half. 
This is seen best in Che vre uFa *^ Simultaneous Contrast" of colours, 
Ked is no sooner shown to the eye, than its complement green rises to 
view along with it> Yellow cannot is how itself alone, but only oa bor- 
dered v^ith purple. Blue is inseparably accompaiiied by orange. If 
composite colours are presented to the eye, cumposite colours accompany 
them, but always according to the law, that the two sets of colours added 
together produce white light. In short, whatever colour we show to the 
normal eye, it infallibly countermatehes it : and all that we ever do 
ia to furnish the one half of white light, whilst the eye furnishes the 
other. 

This^ I think, is a true though unrecognised manifestation of polarity ; 
but whether or not it be, there is no question that the vision of every 
colour, simple or compound, by the normal eye, is accompanied and fol- 
lowed by the perception of another and unlike colour, the recognition of 
which is matter of simple observation, apart from al! theory. 

For the colour-blind eye there are no such experiences, nor can there 
be. Purple, for example, appears as blue to it ; orange shows as yellow, 
or red, or green ; red and green are identical. In the cose of the last two 
oolours, indeed, it seems in many cases as if the colour-blind eye only ex- 
aggerated the action of the normal eye, and saw the complementary colour 
so quickly and vividly that it could not distinguish it from the primary. 
There has been a disposition accordingly on the part of some writers on 
colour-blindness, to regard it as always consisting iu a tendency to mis- 
take a colour for its complementary; but the absenije of any liability 
on the part of the colour-blind to confound yellow with purple, or blue 
with orange, shows the necessity of limiting this theory* And in the 
case of red mid green, there can be no question that the green appa- 
rently visible to the colour-blind eye when red is actuaUy shown to it, is 
not the shade of green which to a normal eye would he the complement 
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of that red, but is much duskier and darker ; and from red frequentlj 
appearing positively black to the colour-blind, we can only infer that no 
colour, primary or complementary, is seen. Although, therefore, it may 
justly be urged, that on certain occasions a colour-blind eye, in its per- 
ceptions of red or green, sees each unceasingly alternate with the other, 
and thus loses the power of distinguishing which is the primary and which 
the complementary colour; so that the abnormal eye might be com- 
pared to a magnet of which the poles are continually being reversed 
(as in certain electro-magnetic machines), whilst the normal eye, in its 
perception of a colour and its complementary, is like a compass needle, 
with one end permanently a north pole, and the other permanently a 
south pole ; still the comparison only applies to those cases where the 
colour-blind eye distinguishes red from green, and exercises to some ex- 
tent trichromic vision. 

Observations have been maje by Sir J. Herschel, Wartmann, and 
others, on the appearance of colours and their complements, as produced 
by polarized light, to the colour-blind. From these it appears, as might 
be anticipated, that the complements no more than the primaries showed 
to colour-blind as they do to normal eyes ; but no general law has been 
deduced from these observations. Professor Kelland (whose important 
observations on colour-blind complementary vision are given at p. 1 09) 
tried along with me the eifect of exposing the eyes of four colour-blind 
persons to an intense yellow soda-flame, lighted in a dark room, and then 
suddenly transferring them to a room lighted by the sun, where they were 
requested to gaze on white paper. It had a distinctly lilac tinge to our 
eyes, which like theirs had been directed towards the yellow light, but 
they saw no purple or any tint to distinguish the sheet from ordiaary 
paper. 

Experiments of this kind deserve repetition. Now that we know the 
comparatively simple dichromic character of fully-developed colour-blind- 
ness, we cannot doubt that those perceptions of colour which in the 
colour-blind correspond to the successive and simultaneous contrasts of 
colours so familiar to normal eyes must occur according to some simple law. 
If some of the subjects of well-defined (dichromic) colour-blindness would 
repeat Chevreul's experiments as he describes them, they might furnish 
us with important data for the extension of our knowledge of colour- vi- 
sion. At present we must be content to speak negatively on the whole 
subject of complementary colours, as perceivable by those whose vision is 
dichromic. This, however, is quite certain, that the colour-blind eye 
cannot rival the normal eye in its power of uniting any more than in 
that of separating the elements of white light. 
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